Colors of barlenses: evidence for connecting them to boxy/peanut bulges by Endoqui, M. Herrera et al.
Astronomy & Astrophysics manuscript no. bl˙color˙ThirdSubmission˙07.10.2016˙ELMH˙language c© ESO 2016
October 10, 2016
Colors of barlenses: evidence for connecting them to boxy/peanut
bulges
M. Herrera-Endoqui1, H. Salo1, E. Laurikainen1, and J.H. Knapen2,3
1 Astronomy Research Unit, University of Oulu, FI-90014, Finland
e-mail: martin.herreraendoqui@oulu.fi
2 Instituto de Astrofı´sica de Canarias, E-38200 La Laguna, Tenerife, Spain
3 Departamento de Astrofı´sica, Universidad de La Laguna, E-38205 La Laguna, Tenerife, Spain
Received: accepted:
ABSTRACT
Aims. We aim to study the colors and orientations of structures in low and intermediate inclination barred galaxies. We test the hy-
pothesis that barlenses, roundish central components embedded in bars, could form a part of the bar in a similar manner to boxy/peanut
bulges in the edge-on view.
Methods. A sample of 79 barlens galaxies was selected from the Spitzer Survey of Stellar Structure in Galaxies (S4G) and the Near IR
S0 galaxy Survey (NIRS0S), based on previous morphological classifications at 3.6 µm and 2.2 µm wavelengths. For these galaxies the
sizes, ellipticities, and orientations of barlenses were measured, parameters which were used to define the barlens regions in the color
measurements. In particular, the orientations of barlenses were studied with respect to those of the “thin bars” and the line-of-nodes
of the disks. For a subsample of 47 galaxies color index maps were constructed using the Sloan Digital Sky Survey (SDSS) images
in five optical bands, u, g, r, i, and z. Colors of bars, barlenses, disks, and central regions of the galaxies were measured using two
different approaches and color-color diagrams sensitive to metallicity, stellar surface gravity, and short lived stars were constructed.
Color differences between the structure components were also calculated for each individual galaxy, and presented in histogram form.
Results. We find that the colors of barlenses are very similar to those of the surrounding bars, indicating that most probably they form
part of the bar. We also find that barlenses have orientations closer to the disk line-of-nodes than to the thin bars, which is consistent
with the idea that they are vertically thick, in a similar manner as the boxy/peanut structures in more inclined galaxies. Typically, the
colors of barlenses are also similar to those of normal E/S0 galaxies. Galaxy by galaxy studies also show that in spiral galaxies very
dusty barlenses also exist, along with barlenses with rejuvenated stellar populations. The central regions of galaxies are found to be
on average redder than bars or barlenses, although galaxies with bluer central peaks also exist.
Key words. Galaxies: bulges - galaxies: elliptical and lenticular, cD - galaxies: spiral - galaxies: structure.
1. Introduction
Galactic bulges is an active research topic, not least because
of the recent discoveries concerning the Milky Way bulge,
which is now known to form part of the Milky Way bar
(Weiland et al. 1994). Photometrically bulges are defined as
flux above the underlying disk, and observers often divide them
into “classical bulges”, which are highly relaxed, velocity dis-
persion supported spheroidal components, and rotationally sup-
ported pseudo-bulges, which originate from the disk material
(Kormendy 1983). The formation of a pseudo-bulge is associ-
ated to the evolution of a bar, which can vertically thicken the
central bar regions, for example by bar buckling effects (Combes
et al. 1990; Raha et al. 1991; Pfenniger & Friedli 1991), lead-
ing to boxy- or peanut-shaped bulges (see Athanassoula 2005).
Bars can also trigger gas inflows, which, via star formation, can
collect stars to the central regions of the galaxies, manifested as
central disks (i.e., “disky pseudo-bulges”). Classical and pseudo-
bulges are often distinguished via low Se´rsic indices (n ∼ 1
means a pseudo-bulge) and low bulge-to-total flux ratios, but
this approach has shown out to be oversimplified (see review
by Kormendy 2016). More sophisticated multi-parameter meth-
ods, including kinematics, stellar populations, and metallicities,
have been developed, of which an update is given by Fisher
& Drory (2016). However, all these methods have been devel-
oped for separating classical bulges from inner disks (i.e., disky
pseudo-bulges), without paying attention to the vertically thick
inner bar components, which might be visible at a large range of
galaxy inclinations.
In fact, there has been a long-standing ambiguity in inter-
preting bulges at low and high galaxy inclinations in the nearby
Universe. While in the edge-on view many bulges have boxy
or peanut shape isophotes and are thereby associated with bars
(Lu¨tticke et al. 2000; Bureau et al. 2006), in less inclined galax-
ies the central flux concentrations in a large majority of galax-
ies have been interpreted in terms of classical bulges (see the
discussion by Laurikainen & Salo 2016). Isophotal analysis
(Athanassoula & Beaton 2006; Erwin & Debattista 2013) have
shown that boxy/peanut bulges, based on their isophotal orienta-
tion with respect to the bar and the galaxy line-of-nodes, can be
identified even at fairly low galaxy inclinations. In a few galax-
ies boxy/peanut bulges have been identified also kinematically
(Me´ndez-Abreu et al. 2008, 2014) in almost face-on view, but
such observations are difficult to make.
As a solution to the puzzle of how boxy/peanut bulges appear
in nearly face-on galaxies, Laurikainen et al. (2014) suggested
that they manifest as barlenses, that is, central lens-like mor-
phologies embedded in bars. Based on multi-component struc-
tural decompositions they showed that among the Milky Way
mass galaxies such vertically thick bar components might con-
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Fig. 1: Example barlens galaxy, NGC 1350. Left panel shows the bar region of the 3.6 µm image. Marked are the structure compo-
nents measured in this study: “bl” refers to barlens, “thin bar” is the bar region outside the barlens, and “nucleus” refers to possible
small bulge in the central regions. Right panel shows the contours of the same image. Lines indicating the orientations of the bar
(blue line), barlens (red line), and the disk line-of-nodes (dashed line) are over-plotted. Black crosses show the points selected to
measure the size and orientation of the barlens by fitting an ellipse to these points.
tain most of the bulge mass in the local Universe. Theoretical ev-
idence for the idea that barlenses and boxy/peanut bulges might
be one and the same component was given by Athanassoula
et al. (2015), where detailed comparisons of simulation mod-
els with such properties as size and ellipticity of a barlens were
made. If the above interpretation is correct, we would expect bar-
lenses at intermediate galaxy inclinations to appear in isopho-
tal analysis in a similar manner as the boxy/peanut structures.
Moreover, the colors of barlenses can be compared with those
of the bars outside the barlens regions in order to look for simi-
larities. However, the colors of barlenses have not been studied
yet, and also, there are no theoretical models in which the col-
ors were directly predicted. Our hypothesis in this study is that if
barlenses (in a similar manner as boxy/peanut bulges) are formed
of the same material as the rest of the bar, their colors should be
similar to those of the rest of the bar.
Barlenses were recognized and coded into morphological
classification by Laurikainen et al. (2011) for the Near IR S0
galaxy Survey (NIRS0S), and by Buta et al. (2015) at 3.6 µm for
the Spitzer Survey of Stellar Structure in Galaxies (S4G; Sheth
et al. 2010). Nuclear bars, rings and lenses are embedded in bar-
lenses in many galaxies, but their sizes are always smaller than
those of barlenses. An example of a barlens galaxy, NGC 1350,
is shown in Fig. 1 (left panel), where the different structure com-
ponents in the bar region are illustrated. The bar region outside
the barlens is called the “thin bar” (or simply bar), considering
that it is assumed to be vertically thin. Depending on the level of
gas accretion and the subsequent star formation histories of bar-
lens galaxies, the central components can have variable colors.
However, any classical bulges that might appear in these galax-
ies are expected to be dominated by old stellar populations. The
spheroidals are dynamically hot and therefore any accretion of
external gas into these components would be difficult.
2. Sample and data
2.1. Sample
Our sample consists of a set of barlens galaxies from two near-
infrared galaxy surveys. The Spitzer Survey of Stellar Structure
in Galaxies (Sheth et al. 2010, hereafter S4G) which contains
2352 galaxies observed at 3.6 and 4.5 µm with the Infrared Array
Camera (IRAC; Fazio et al. 2004) on board the Spitzer Space
Telescope. This survey is limited in volume (distance d < 40
Mpc, Galactic latitude |b| > 30 deg), magnitude (Bcorr < 15.5
mag, corrected for internal extinction) and size (D25 > 1 arcmin).
It covers all Hubble types and disk inclinations. From this survey
we selected all galaxies with barlenses in the classification by
Buta et al. (2015). In that study no inclination limit was used,
however the barlens galaxies have in general inclination . 60◦.
Only in one case the inclination is ∼ 71◦. The other survey is the
Near-Infrared S0 Galaxy survey (hereafter NIRS0S; Laurikainen
et al. 2011), which consists of ∼ 200 early-type disk galaxies
observed in the Ks-band, with total magnitude BT ≤ 12.5 mag.
The inclination limit of this sample is 65◦. Altogether, S4G and
NIRS0S contain 79 barlens galaxies. If not otherwise mentioned
that forms our sample in all the following. This sample will be
used to study the orientation of barlenses with respect to those of
the bar and the disk line-of-nodes. Of these galaxies 22 appear
both in NIRS0S and S4G, and NIRS0S has 11 barlens galaxies
which do not form part of S4G. The barlens galaxy sample is the
same as used by Laurikainen et al. (2014).
2.2. Infrared data
The 3.6 µm images from S4G typically reach the surface bright-
nesses of 26.5 (AB) mag arcsec−2, which translates to roughly
28 mag arcsec−2 in the B-band. These images have a pixel res-
olution of 0.′′75 and full-width half-maximum (FWHM) ≈ 2 ′′.
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Fig. 2: Distributions of morphological type, inclination, absolute B magnitude, and bar size, for the whole sample of barlens galaxies
(green histogram), and for the subsample of galaxies with SDSS imaging (blue histogram). The green solid and blue dashed vertical
lines show the median values of the distributions for the complete and color subsample, respectively.
The NIRS0S images at 2.2 µm typically reach B-band surface
brightnesses of 27 mag arcsec−2, with pixel resolution in the
range 0.′′23 − 0.′′61 (typically 0.′′25). When 3.6 µm images ex-
ist they have a priority in our analysis. The complete list of bar-
lens galaxies appear in Table 1 (see Appendix C): shown are
the morphological types, orientations (PAdisk) and inclinations
(idisk) of the disks. For S4G galaxies the morphological types are
from Buta et al. (2015), the orientations and inclinations of the
disks are from Salo et al. (2015), and the parameters of bars from
Herrera-Endoqui et al. (2015). For NIRS0S galaxies the mor-
phological types and bar and disk parameters are taken from the
original paper (Laurikainen et al. 2011). In these references the
bar parameters were obtained by both visual and ellipse fitting
methods, however, only the visual length (rbar) and orientation
(PAbar) are used here. The disk parameters were obtained using
isophotal ellipse fits, from which the ellipticity and orientations
of the outer isophotes of the disks are derived. The distances are
taken from archive data in the respective survey (in the case of
S4G galaxies see Mun˜oz-Mateos et al. 2015). These are redshift
independent distances obtained from NED1 when available and
otherwise calculated assuming H0 = 71 km s−1 Mpc−1.
2.3. Optical data
In order to obtain the optical colors of the structure components
we use the Sloan Digital Sky Survey (York et al. 2000; Gunn
et al. 1998, hereafter SDSS) images in five bands: u, g, r, i, and
z. The reduced images are taken from Knapen et al. (2014) who
used images from SDSS DR7 and SDSS-III DR8 produced
from the SDSS photometric pipeline, but using their own sky
subtraction. These mosaics are already sky-subtracted and the
different bands are aligned with each other. Such mosaiced
images exist for all those S4G galaxies for which SDSS data is
1 The NASA/IPAC Extragalactic Database (NED) is operated by the
Jet Propulsion Laboratory, California Institute of Technology, under
contract with the National Aeronautics and Space Administration.
available, including 47 barlens galaxies. This set of galaxies will
be referred to as the “color subsample” in the rest of the paper.
The pixel scale in the SDSS images is 0.′′396. These images can
be used to derive surface brightness profiles down to µr ∼ 27
mag arcsec−2 (Pohlen & Trujillo 2006), equivalent to 27.5 mag
arcsec−2 in B-band.
The basic properties, that is, the Hubble stages, galaxy in-
clinations, optical galaxy magnitudes, and bar sizes, of the
complete sample and the color subsample are shown in Fig.
2. The Hubble stage distribution is previously shown also by
Laurikainen et al. (2014) for the complete sample. The verti-
cal lines represent the median values of the distributions. For the
complete sample these values are Hubble stage T = 0, inclination
inc = 38.9◦, B absolute magnitude is -19.9 mag, and rbar = 3.1
kpc. In the case of the color subsample the values are T = 0, inc
= 38.8◦, B absolute magnitude is -19.7 mag, and rbar = 2.9 kpc.
We note that the distributions and median properties of the color
subsample are very similar to those of the complete sample.
3. Measuring the sizes and orientations of
barlenses
3.1. Sizes
Apparent sizes and shapes of all the barlenses in our sample
were measured using the infrared images, fitting ellipses to their
outer isophotes. For the galaxies in our sample the sizes have
been previously measured by Herrera-Endoqui et al. (2015) or
Laurikainen et al. (2011), but using a more visual approach. The
difference between the two approaches is that while in the pre-
vious measurements the edges of barlenses were visually esti-
mated at a certain magnitude scale, in this study they were de-
fined following the outermost isophotes of barlenses indicated
by their surface brightnesses (see Table 1). Points were marked
on top of the contour, but avoiding the zone dominated by the
bar major axis flux. Then an ellipse was automatically fit to
3
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Fig. 3: Sizes (rbl), axial ratios ((b/a)bl) and position angles (PAbl) of barlenses are compared with those previosuly obtained by
Herrera-Endoqui et al. (2015) or Laurikainen et al. (2011). Dotted lines indicate linear fits between the old and new measurements,
whereas the dashed line stands for a unit slope. The labels indicate the slope and correlation coefficient of the linear fit. The galaxies
that belong to the color subsample are indicated with an open symbol.
those points, which gives the size (rbl), minor-to-major axis ra-
tio ((b/a)bl), and orientation (PAbl) of the barlens. An example of
our measurements is shown in Fig. 1 (right panel), and the de-
rived barlens parameters are compared with those of the previous
measurements in Fig. 3. In Table 1 we give the measurements of
the barlens parameters and their uncertainties, which were calcu-
lated from the set of three measurements (unc=stdev/
√
N, where
N=3 is the number of measurements). The uncertainties in the
orientation parameters of the disks were taken from the respec-
tive papers. In the case of bars, the uncertainties were calculated
in the same manner described above but with N=2, using the pa-
rameters obtained with the visual and ellipse fitting methods in
the respective catalogs. Fig. 3 indicates that there are no signif-
icant systematic difference between the two measurements. In
the position angles and b/a-values the scatter easily appears in
measurement of structures having low ellipticities, which is the
case also with many barlenses. From hereon we use the isopho-
tal measurements obtained in the current study, which were used
also to define the zones in our color index measurements (see
Sect. 4.2).
3.2. Orientations
The orientations of barlenses (PAbl) are compared with the ori-
entations of bars (PAbar) and the lines-of-nodes (PAdisk) in Fig.
4. All the orientations were measured in the sky-plane counter-
clockwise from the north. The main idea for making this com-
parison is the following (see also Erwin & Debattista 2013):
if barlenses indeed are vertically thick components in a sim-
ilar manner as boxy/peanut/X-shaped structures of bars (the
strongest boxy/peanuts have X-shape morphology), we would
expect that to be manifested in their orientations. Namely, it has
been demonstrated by simulation models (Bettoni & Galletta
1994; Athanassoula & Beaton 2006) that when the vertically
thick boxy/peanut, embedded in a thin bar, is seen in the non-
edge-on view, due to an inclination effect the two bar compo-
nents would have slightly different orientations: the orientation
of the boxy/peanut would always be closer to the line-of-nodes
than the orientation of the thin bar would be.
In Fig. 4 the galaxies are arbitrarily divided into three galaxy
inclination bins (inc < 40◦, 40◦ < inc < 60◦ and inc > 60◦) in
(b/a)bl < 0.9
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Fig. 4: Orientations of barlenses compared with the orientations
of bars and those of the lines-of-nodes (disks). The y-axis is the
difference between the orientations of the barlens and the disk,
whereas the x-axis is the difference between the orientations of
the bar and the disk. The differences are given in degrees. Shown
are only galaxies where the barlens axial ratio (b/a)bl < 0.9. The
galaxies that belong to the color subsample are indicated with an
open symbol.
order to observe the behavior of the barlens orientation with re-
spect to galaxy inclination. The x-axis shows the orientation dif-
ference between the bar and the disk, and the y-axis how much
the major-axis barlens orientation deviates from that of the disk.
In the diagonal the barlens orientations are along the bar major-
axis, and in the horizontal line along the line-of-nodes. Taking
into account the measurement uncertainties shown in Fig. 3, it
appears that barlenses are oriented between the diagonal and the
horizontal line, which is consistent with the idea that they are
4
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NGC4245 r Measurement 1 Measurement 2
Fig. 5: Illustration of the two methods used for defining the regions for the measurements of the component colors. In the left panel
the r-band image of NGC 4245 is shown. In the middle panel we show the automatically defined regions for the central region
(“nuc1” and “nuc2”; light and dark blue, respectively), for the barlens (“blc”; red), the bar (green), and the disk (yellow), see the
text for details. In the right panel the manually selected regions for the barlens, the bar and the disk are shown (central regions are
the same as in the middle panel). All images are in the same scale.
vertically more extended than the thin bar component. At the
lowest galaxy inclinations (inc < 40◦) the barlens orientation is
more closely along the thin bar, following from their small in-
trinsic elongation along the thin bar major axis. For higher incli-
nation galaxies (inc > 60◦) both the thin bar and the barlens are
oriented closer to the line-of-nodes. Contrary to barlenses, none
of the boxy/peanut bulges studied by Erwin & Debattista (2013)
showed an alignment with the thin bar. This is expected since
the galaxies they studied appeared at galaxy inclinations of inc
= 45◦ − 65◦, where the orientations are expected to fall between
the line-of-nodes and the orientation of the thin bar.
4. Obtaining the colors using the SDSS images
4.1. Making the color images
Color maps were constructed in (u-g), (g-r), (r-i), and (i-z)-
indices for the color subsample. These indices were later used
to make color-color diagrams indicative of the different stellar
populations and metallicities. The images were rotated so that
the bar major axis, determined from the 3.6 or 2.2 µm images,
became horizontal. We trust the available sky subtractions, be-
cause the original uncertainties that appeared during the SDSS
data release were checked by Knapen et al. (2014).
However, before making the color images we needed to be
sure that the two images used to make them have the same res-
olution. For that purpose the Gaussian FWHMs were measured
using the IRAF2 task “imexamine”, applied to several field stars
in each band for every galaxy. The mean values for the FWHMs
are 3.28, 3.07, 2.76, 2.60 and 2.68 pixels in u, g, r, i and z bands,
respectively. These values are equivalent to 1.′′30, 1.′′22, 1.′′09,
1.′′03, and 1.′′06, respectively. As discussed by Bergvall et al.
(2010) non-Gaussian extended tails at very low surface bright-
nesses appear, in particular in the i-band. However, although
these tails might be important at low surface brightnesses, such
2 IRAF is distributed by the National Optical Astronomy
Observatories, which are operated by the Association of Universities
for Research in Astronomy, Inc., under cooperative agreement with the
National Science Foundation.
effects are not important in our study where only high surface
brightness structures are studied. For each color image the higher
resolution image was convolved with a Gaussian point spread
function (PSF) so that the convolved image had the same FWHM
as the lower resolution image. The convolved images were then
converted to magnitude-units and corrected for Galactic extinc-
tion using the re-calibrated Schlegel et al. (1998) extinctions in
the infrared, made by Schlafly & Finkbeiner (2011), assuming a
reddening law with RV = 3.1.
4.2. Measuring the colors of the structure components
The convolved images were used to measure the colors of the
different structure components. Instead of using directly the
color index maps the fluxes in each filter were extracted for
the regions defining the structure components. The fluxes in
the two bands were then converted to colors applying also the
wavelength specific Galactic extinction correction. The colors of
the structure components were then measured with two different
methods:
Approach 1 (see Fig. 5, middle panel):
Colors of the two bar components, the disks, and the central
peaks, were measured using an automatic approach defining the
measured regions in the following manner:
nuc1 (central region, light blue color): an elliptical region
around the galaxy center was selected having position angle and
axial ratio of as those of the barlens, and outer radius r = 0.1 ×
rbl. The region selected this way is smaller than nuclear rings typ-
ically are, thus avoiding color contamination from them. Given
this definition of nuc1, in 16 galaxies the nuc1 region is smaller
than the FWHM of the SDSS image (1.3′′). Our central regions
defined by nuc1 go from unresolved to barely resolved nuclei, to
much larger regions. In principle this central region could be as-
sociated to a small classical bulge, but as the colors alone cannot
be used to define bulges, we avoid using that concept.
nuc2 (central region, dark blue color): a similar elliptical re-
gion around the galaxy center as above was selected, but using a
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larger radius, r = 0.3 × rbl. This radius was large enough to cover
possible nuclear rings.
bl (barlens): barlens region was taken to be an elliptical zone
inside the measured barlens radius. The shape and orientation
of this region was defined by the measured b/a and the position
angle of the barlens. However, the region covering the central
region (nuc2) was excluded.
blc (barlens, red color): this barlens region was otherwise the
same as that of bl above, except that the region covering the thin
bar (i.e., bar) inside the barlens radius was excluded. The advan-
tage to the previous barlens measurement is that this approach
avoids contamination of flux along the bar major axis in the bar-
lens region.
bar (i.e., thin bar, green color): was taken to be an elliptical re-
gion inside r = 0.9 × rbar, and outside the barlens. This way we
avoid mixing the colors of inner rings with those representing
the bars themselves: bars are often surrounded by star forming
rings, superimposed with the bars. We used the measured po-
sition angle of the bar, and the axial ratio b/a = 0.5 × (b/a)bar.
However, as a lower limit to b/a we used b/a = 0.2. For the bar
this modified value of b/a was used, because the value that comes
out directly from ellipse fitting overestimates the b/a of the thin
bar component. This is because the elliptical isophotal shapes
are contaminated by the fairly round barlenses sitting inside the
bars.
disk (yellow color): for the disk we used an elliptical region in-
side the radius r = 0.9 × rbar, using the ellipticity and position
angle of the barlens. The regions covering the thin bar (green)
and everything inside the barlens radius were excluded. The full
bar radius was not used because we wanted to avoid possible
contamination of inner rings, which often show recent star for-
mation.
Approach 2 (see Fig. 5, right panel):
Specific regions were visually selected and drawn on top of the
r-band images. For a barlens two zones at opposite sides of the
bar major axis were selected (red color), avoiding the region of
the thin bar. The thin bar (green color) was measured in two
zones outside the barlens, and avoiding possible star forming in-
ner rings superimposed with the bar. For the disk (yellow color)
two zones were selected approximately at the same radial dis-
tances where the edges of the thin bar appear.
The measurements using the two approaches are given in
Table 2, where the mean and median, and minimum and maxi-
mum colors, for each structure component are shown. Also given
are the standard error of the mean, obtained by dividing the sam-
ple standard deviation with
√
N. The advantage of approach 1 is
that the measurements can be carried out automatically. It also
gives a robust manner to include a maximum number of pixels
for obtaining the colors of barlenses and thin bars. Approach 2 is
more human guided and makes possible to avoid any obviously
visible and unwanted star forming regions that might contami-
nate the color. In spite of these differences the obtained colors in
the two measurements are fairly similar. In Table 2 we present
data for only 45 of the 47 galaxies in the color subsample. The
optical images of NGC 3384 contain artifacts perhaps produced
at the mosaicking stage, thus affecting the measurement of the
colors. This can be observed as fringes in the resulting color
maps (see Appendix A). The case of NGC 4448 is an unfortu-
nate combination of high inclination (inc = 71.2◦) and an almost
end-on view of the bar, which does not allow an estimation of
the colors of the thin bar using our methods. These two galaxies
Table 2: Color index measurements for the structures of the
galaxies in the color subsample.
(u-g) (g-r) (r-i) (i-z)
Approach 1:
nuc1:
N† 45 45 45 45
mean 1.772 0.793 0.377 0.353
median 1.845 0.811 0.397 0.313
min 0.920 -0.197 -0.114 0.133
max 2.769 1.364 0.689 1.093
std/
√
N 0.047 0.029 0.017 0.024
nuc2:
mean 1.718 0.783 0.384 0.319
median 1.780 0.782 0.386 0.299
min 0.950 0.427 0.247 0.137
max 2.589 1.292 0.651 0.633
std/
√
N 0.042 0.017 0.009 0.012
bl:
mean 1.708 0.760 0.395 0.271
median 1.722 0.758 0.392 0.262
min 1.429 0.660 0.323 0.153
max 2.217 1.044 0.551 0.617
std/
√
N 0.021 0.009 0.005 0.009
blc:
mean 1.683 0.745 0.396 0.256
median 1.695 0.750 0.398 0.248
min 1.341 0.638 0.327 0.151
max 2.073 0.921 0.492 0.606
std/
√
N 0.018 0.007 0.005 0.009
bar:
mean 1.690 0.742 0.392 0.262
median 1.707 0.753 0.396 0.260
min 1.136 0.542 0.270 0.148
max 2.245 1.051 0.560 0.614
std/
√
N 0.025 0.012 0.007 0.009
disk:
mean 1.622 0.718 0.399 0.229
median 1.653 0.727 0.398 0.224
min 1.183 0.564 0.293 0.145
max 1.986 0.881 0.498 0.589
std/
√
N 0.021 0.009 0.006 0.010
Approach 2:
bl:
N † 45 45 45 45
mean 1.685 0.752 0.392 0.261
median 1.718 0.749 0.394 0.248
min 1.211 0.622 0.306 0.162
max 2.074 0.896 0.473 0.613
std/
√
N 0.022 0.008 0.005 0.009
bar:
mean 1.685 0.734 0.386 0.261
median 1.700 0.738 0.390 0.255
min 0.991 0.465 0.205 0.133
max 2.267 1.043 0.561 0.599
std/
√
N 0.028 0.013 0.007 0.009
disk:
mean 1.532 0.686 0.390 0.214
median 1.550 0.702 0.398 0.215
min 0.966 0.478 0.288 0.098
max 1.810 0.843 0.484 0.592
std/
√
N 0.027 0.011 0.007 0.011
Notes. (†) Data for only 45 of the 47 galaxies in our color subsample
are presented because NGC 3384 and NGC 4448 are not used in the
analysis (see text).
were excluded from our quantitative analysis, nevertheless, their
color maps and color profiles are shown in Appendices A and B,
respectively.
Any differences that appear between these two measure-
ments can be used as uncertainties of our measurements. These
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differences are shown in Table 3. For barlenses (bl in approach
1) the color differences in (g-r), (r-i) and (i-z) between the two
measurements are less than or similar to 0.01 magnitudes, and
in (u-g) similar to 0.02 magnitudes. This is the case both for the
mean and median values. For the thin bars the color differences
between the two measurements are less than or similar to 0.01
magnitudes in all the colors, both for the mean and median val-
ues. For the disks the mean and median colors are similar within
0.01 magnitudes in (r-i) and (i-z), and within 0.03 magnitudes
in (g-r). Their (u-g) color is on average 0.10 magnitudes bluer
in approach 2. Small differences in (u-g) color in the disk easily
appear, because it is very sensitive to recent star formation and
dust.
Besides the measurement-related uncertainty estimated from
the difference of the two approaches, we need to consider the
photometric uncertainty of the colors and the variance caused by
the finite size number of the galaxies in our sample. Since we
are dealing with the colors of the bright central parts of galax-
ies, the uncertainty of colors is dominated by the uncertainty of
the magnitude calibration zeropoints. According to Knapen et al.
(2014) the photometric calibration of SDSS DR7 is reliable on
the level of 2%. Assuming that the zeropoint errors in different
filters are independent indicates an uncertainty of 0.03 mag for
the color of an individual galaxy. For a sample of 47 galaxies the
uncertainty of the mean colors is 0.03/
√
47 ≈ 0.004 mags, thus
smaller than the typical mean difference (0.01 mag) between the
two measurement approaches. It is also much smaller than the
standard error of the mean, calculated from the sample variance
and the number of galaxies in the sample (Table 2): the largest
error of the mean is 0.047 mags, for the (u-g) color of the nuc1
measurements. We may thus conclude that any difference in the
mean colors of the components at the level or exceeding about
0.05 mag is likely to be real.
We are aware that the color of the underlying disk can af-
fect the color of the bar. What is sometimes done is to remove
the contribution of the disk to the other structure components
by assuming that the disk is exponential, which disk is then ex-
trapolated into the inner parts of the galaxies in each wavelength
(see for example Balcells & Peletier 1994). However, in case of
barred galaxies that kind of strategy is not very reliable, because
the disk under the bar is not necessarily exponential. Also, the
absolute colors of measured structure components are not crit-
ical in this study, because we are particularly interested on the
relative color differences of those components.
5. Analysis of the colors
5.1. Mean colors
5.1.1. Bars and the central peaks
The optical bands u, g, r, i, and z, as given in the Sloan Digital
Sky Survey photometric system, cover the wavelength range of
3000−11500 Å (see Fukugita et al. 1996), the effective wave-
lengths (λeff) of the bands being 3500 Å (u), 4800 Å (g), 6200 Å
(r), 7600 Å (i), and 9000 Å (z). This wavelength range is domi-
nated by O5, B5, A0−AF, G0−G5, K and M stars. In this study
we use the colors (u-g), (g-r), (r-i) and (i-z). For these bands
Shimasaku et al. (2001) has done aperture photometry for nor-
mal galaxies covering the whole range of Hubble types. They
used galaxies brighter than 18 mag in the g-band, which is equiv-
alent to 17.5 mag in b-band. They compared the obtained col-
ors with those in the spectrophotometric atlas of galaxies by
Kennicutt (1992), converted to the same photometric system.
Table 3: Color differences between the two approaches for the
different structures.
(u-g) (g-r) (r-i) (i-z)
Differences between
approachesa :
bl:
∆(mean) 0.023 0.008 0.003 0.010
∆(median) 0.004 0.009 0.002 0.014
bar:
∆(mean) 0.005 0.008 0.006 0.001
∆(median) 0.007 0.015 0.006 0.005
disk:
∆(mean) 0.090 0.032 0.009 0.015
∆(median) 0.103 0.025 0.000 0.009
Notes. (a) Color differences between the two approaches calculated
from the mean and median values given in Table 2.
It was shown by Shimasaku et al. (2001), using stellar popu-
lation synthesis models, that fairly good solutions can be found
for the color-color diagrams (g-r) vs. (u-g), and (r-i) vs. (g-r),
but in (i-z) vs. (r-i) the observed galaxy colors are shifted by
0.1−0.2 mags so that the galaxies in (i-z) are bluer than pre-
dicted. Of course, the solutions are not unique, because there is
a degeneracy between the stellar ages and metallicities. In the
above color-color diagrams this degeneracy has been studied by
Lenz et al. (1998). Using Kurucz (1991) models they calculated
the stellar effective temperatures (Teff) for two different surface
gravities representative of giant and dwarf stars, and for metal-
licities of [M/H] = +1.0, 0.0 and -5.0. They showed that the loci
are quite thin for stars hotter than 4500 K, but that in the red
end (populated by M stars) Teff depends on the different stellar
parameters. This is important in our study where the colors are
dominated by giant stars.
In the following the mean and median colors given in Table
2 for the measured structure components are compared with the
total colors of normal galaxies in different galaxy surveys where
the SDSS images have been used. These include (see Table 4)
the mean colors of E galaxies by Shimasaku et al. (2001) which
comprises 87 E’s out of their sample of 456 bright galaxies,
and the colors in the Spitzer Infrared Nearby Galaxies Survey
(SINGS, Mun˜oz-Mateos et al. 2009), which galaxies we have
divided into two morphological bins of bright galaxies (S0−Sb,
and Sbc−late-type galaxies). The sample by Shimasaku et al.
(2001, see their Table 1) is the most representative of normal
galaxies. SINGS is biased to a sample of 32 bright galaxies (R
absolute magnitude in the range from -18.4 to -22.1 mag) and it
practically lacks elliptical galaxies.
It appears that the colors of barlenses and thin bars, using all
of our color indices, are very similar with each other (see Table
2). In all colors the differences in the mean and median values
are within the dispersion of our measurements. The colors of the
two bar components are also very similar with the mean colors
of normal elliptical galaxies as given by Shimasaku et al. (2001,
their Table 1). The biggest difference appears in (u-g) and (g-r)
colors in which the bar components are on average 0.1 magni-
tudes bluer than normal elliptical galaxies (1.69 vs. 1.79 in (u-g)
and 0.74 vs. 0.83 in (g-r)) : the differences are at least two-fold
compared to the standard errors of the mean colors of bar com-
ponents. The central regions (nuc1) are slightly redder than the
two bar components particularly in (u-g) and (i-z), where the dif-
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Table 4: Color indices for elliptical (Shimasaku et al. 2001) and
SINGS galaxies (Mun˜oz-Mateos et al. 2009).
(u-g) (g-r) (r-i) (i-z)
Shimasaku et al.
E:
N 86 87 87 87
mean 1.79 0.83 0.41 0.27
std 0.26 0.14 0.05 0.06
SINGS
S0−Sb:
N 13 13 13 12
mean 1.408 0.670 0.374 0.180
median 1.423 0.681 0.384 0.197
min 0.903 0.518 0.238 0.031
max 1.627 0.772 0.438 0.251
std 0.187 0.076 0.054 0.059
Sbc−LTG:
N 17 17 17 17
mean 1.108 0.532 0.298 0.146
median 1.099 0.531 0.284 0.153
min 0.788 0.384 0.223 -0.025
max 1.435 0.781 0.447 0.247
std 0.184 0.107 0.058 0.067
ferences in the mean values are ∼ 0.09. The mean colors of (u-g)
= 1.77 and (g-r) = 0.79 for the central regions (nuc1) are very
similar to the colors of elliptical galaxies. In SINGS all the mean
colors of S0−Sb galaxies are bluer than those in Shimasaku et al.
The fact that bars in our sample have on average similar red
colors as the elliptical galaxies, is a manifestation that they are
dominated by old stellar populations. This is important because
it is well known that bars with young stellar populations also
exist. In a sample of 18 S0−Sbc galaxies Gadotti & de Souza
(2006) divided bars into two categories, namely those dominated
by old (B-I = 2.17 ± 0.12) and young (B-I = 1.49 ± 0.20) stellar
populations. The colors of bars in their study were measured at
the end of the bar. We have six galaxies in common with their
sample, of which four belong to their category of “old bars”. For
these galaxies we transformed our u, g, r and i SDSS colors into
(B-I) colors using the equations by Lupton (2005)3. The obtained
(B-I) colors are in agreement with those given by Gadotti & de
Souza for five of the galaxies, at maximum deviating ∼ 0.3 mag.
Only for NGC 4394 the difference is as high as ∼ 0.7 mag (red-
der in this work), probably due to a prominent inner ring that sur-
rounds the bar, which might affect the color at the outer edge. In
fact, the mean (B-I) color for all our common galaxies is 〈(B-I)〉
= 2.07, which is in agreement with the value for bars dominated
by old stellar populations in Gadotti & de Souza. They discussed
that although “young bars” in terms of stellar ages preferentially
appear in young parent galaxies, that is not enough to explain
the color differences between the two bar categories.
The colors and stellar populations of bulges have been exten-
sively investigated in the literature, but the colors of boxy/peanut
bulges are only rarely studied. One such study is that made by
Williams et al. (2012), thus giving us a point of comparison
with barlenses. They made long-slit spectroscopy for 28 edge-
on galaxies, of which 22 had boxy/peanuts. The parent galax-
ies had Hubble types of S0−Sb, which is also the Hubble type
range where the barlenses in our sample appear. They studied
3 These equations are found in the SDSS webpage contain-
ing transformations between SDSS magnitudes and other systems:
www.sdss.org/dr8/algorithms/sdssUBVRITransform.php
separately the central peaks within the radius of a few arcsec-
onds covering the PSF, and the boxy/peanuts outside that region.
They found that the stellar properties of the central peaks were
indistinguishable from those of typical E/S0 galaxies. However,
that was not the case for the boxy/peanuts: although their stellar
populations were not much different from those of the central
peaks, their metallicity gradients were steeper than for the E/S0
galaxies.
5.1.2. The underlying disks
One of the first attempts to compare the colors of bars and the
underlying disks comes from Okamura & Takase (1976). They
studied five barred galaxies, concluding that although the spiral
arms are bluer than bars, measured using the (B-V) color index,
the underlying disks have similar colors with bars. On the other
hand, Elmegreen & Elmegreen (1985) studied 15 barred galax-
ies in (B-I) color, and found that the spiral arm regions can be
bluer than the bar even if the spiral arms themselves were not
particularly blue. However, counter-examples were also found.
In this study we find that the disks have very similar colors with
bars (thin bars) in (r-i) (the difference in the mean color is ∆ =
0.005 mag), but slightly bluer in the other bands: ∆ = 0.11, 0.03
and 0.04 magnitudes in (u-g), (g-r) and (i-z), respectively. This
is of particular interest because the old stellar populations mak-
ing bars and disks are expected to be the same. The disks of the
barlens galaxies discussed above might actually be even bluer if
the colors were measured outside the bar radius as was done by
Elmegreen & Elmegreen (1985).
5.2. Color-color diagrams
In Fig. 6 the color-color diagrams are plotted showing the cen-
tral peaks (red asterisks), barlenses (pink filled circles), thin bars
(green open circles), and disks (blue crosses). In the case of cen-
tral peaks, only nuc1 regions are shown because nuc2 might
contain contamination from the colors of nuclear rings. In the
two upper panels plotted are (g-r) vs. (u-g), and (r-i) vs. (g-r),
whereas in the lower panels (i-z) vs. (r-i) and (g-i) vs. (u-r) are
shown. As a comparison we also plotted the mean values for
the elliptical galaxies (black circle) in Shimasaku et al. (2001)
and the S0/a−Sb (black star) and Sbc−late-type galaxies (black
downward triangle) in Mun˜oz-Mateos et al. (2009), shown in
Table 4.
Photometric separations of the stellar populations in these
color bands were discussed for example by Fukugita et al. (1996)
and Lenz et al. (1998). In all the color-color diagrams the redden-
ing vectors are also shown. In Fig. 7 the tracks of the stellar evo-
lutionary models are shown in the same diagrams, and also the
mean values for the different types of galaxies from the literature
as in Fig. 6. The models are from Bruzual & Charlot (2003), us-
ing their “Padova 1994” evolutionary tracks, the Chabrier (2003)
Initial Mass Function (IMF), and STELIB spectral library (Le
Borgne et al. 2003). The tracks were calculated for different stel-
lar ages and metallicities, indicated in the figure. According to
Terlevich & Forbes (2002) typical metallicities for the galaxies
in Hubble types of S0−Sa are between [Fe/H] = -0.45 − 0.50.
Between the u and g bands the stellar spectra contain
the Balmer jump, which is sensitive to stellar surface gravity.
Therefore the first diagram (upper left panel) is good for sepa-
rating the main sequence stars from giant stars. As most of the
line-blanketing from heavy elements also occurs at short wave-
lengths, among the selected diagrams this is perhaps also the
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Fig. 6: Color-color diagrams discussed in the text. We use the color measurements obtained using the approach 1. The colors are
corrected for Galactic extinction. The arrows indicate the reddening vectors (the length correspond to 0.1 mag extinction in the r-
band). The black circle represents the mean color of the elliptical galaxies from Shimasaku et al. (2001). The black star and the black
downward triangle represent the mean colors of S0−Sb and Sbc−late-type galaxies from Mun˜oz-Mateos et al. (2009), respectively.
most sensitive to metallicity. In the Fig. 3 by Lenz et al. (1998),
for a given (g-r) color the more metal rich stars have a higher
(u-g) color index. The second diagram (upper right panel) sepa-
rates the stars according to their effective temperatures in a more
clear manner, although metallicity also still plays some role. At
the color range useful in this study, the third diagram (lower left
panel) is at some level also sensitive to the metallicity of gi-
ants stars. The (u-r) color index in the forth diagram (lower right
panel) is sensitive to short lived stars, in a similar manner as the
equivalent width of Hα (EW(Hα)) (see Casado et al. 2015).
(g-r) vs. (u-g):
The bar components are mostly distributed to a narrow range
of (g-r) colors of ∼ 0.7−0.8, indicating that they are dominated
by K-giant stars. Overall the colors of the two bar components
(barlens and thin bar) fall into the same region in this diagram.
Therefore, taking into account that this diagram is also the most
sensitive to metallicity means that the metallicities of the two
bar components must be similar. On the other hand, the central
regions of the galaxies (i.e., nuc1) are shifted to (g-r) > 0.8 and
(u-g) > 1.8. For these high values of (g-r) and (u-g) colors the
age-metallicity degeneracy prevents of making any conclusions
of their possible higher metallicities or older ages. Simply high
extinction in the central regions could explain the observed col-
ors. Also a large majority of the disks have similar colors as bars
in this diagram, but there are also some galaxies in which the
disks are shifted to bluer colors: however even these colors (g-
r > 0.6) are representative of stellar populations dominated by
K-giant stars.
(r-i) vs. (g-r):
Also in this diagram the two bar components have very similar
colors. However, the colors of the central peaks and the disks
deviate from those of bars: for a given (r-i) the (g-r) color is
redder for the central regions and bluer for the disks. As the red-
dening vector goes nearly perpendicular to the obtained shifts
between the different structure components, the shifts cannot be
explained by internal galactic extinction. Based on the simple
models in Fig. 7 the shifts are not due to metallicity either. It
is possible that the model tracks use too simple model for star
formation and therefore cannot account the observations well.
(i-z) vs. (r-i):
Again, the two bar components have very similar colors,
whereas the central peaks and disks are shifted so that for a given
(r-i) color the central peaks have redder (i-z) color, and the disks
have bluer color. According to Shimasaku et al. (2001) there is
0.1−0.2 magnitude uncertainty in the z-band calibration of the
SDSS images, but that is not critical in this study because we are
looking at the relative colors between the structure components.
Again, these color differences between the structure components
cannot be explained neither by internal galactic extinction, nor
by metallicity, in particular if solar or super-solar metallicities
are concerned. Obviously, the central peaks are more dominated
by the infrared flux observed in the z-band, whereas the bars and
disks are less dominated by the infrared flux.
(g-i) vs. (u-r):
The last panel uses (u-r) which is sensitive to the presence of
massive, short-lived stars that dominate the blue part of the spec-
trum (Casado et al. 2015). The color index (u-r) traces stel-
lar populations ages not much older than OB stars, traced by
EW(Hα). Based on the studies of a large galaxy sample and us-
ing the SDSS images, it has been shown that the division line be-
tween active and passive galaxies appears at (u-r) = 2.3 (Casado
et al. 2015; McIntosh et al. 2014). This also marks the well
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Fig. 7: Stellar evolutionary models of Bruzual & Charlot (2003) are calculated to four different metallicities, for the range of stellar
ages of 1−20 Gyr. The models use their “Padova 1994” evolutionary tracks, the Chabrier (2003) Initial Mass Function (IMF), and
STELIB spectral library (Le Borgne et al. 2003). The tracks are calculated for the same color indices as the observations shown in
Fig. 6, and the black symbols represent the same galaxy samples as before. The ranges spanned by our observations are marked
with the hatched regions.
known red and blue sequence among the galaxies in the Hubble
sequence. Looking at our Fig. 6 (lower right panel) it appears
that all the structure components studied by us are mostly pas-
sive. The central peaks are even redder than the bars or disks,
having (u-r) = 2.5−3.0. However, among all the structures there
are some individual cases in which manifestations of active star
formation appears (u-r < 2.3).
In conclusion: thin bars and barlenses have similar colors.
The main body of them have colors best traced with the stel-
lar evolutionary tracks with stellar ages of 5−10 Gyr and solar
metallicity (Z0), mainly in the (g-r) vs. (u-g) and (g-i) vs. (u-r)
color-color diagrams. However, the colors are not so well ac-
counted when (r-i) appears in the diagram, which leaves uncer-
tain the interpretation of the color-color plots using (r-i). In any
case, taking into account the reddening vectors it is clear that
extinction alone cannot explain the redder central colors. Using
nuc2 instead of nuc1 would reduce the difference between the
central regions and barlenses, because possible central star form-
ing rings are then covered. However, even the central regions
appear redder than barlenses.
5.3. Comparison of the colors of barlenses with respect to
those of the other structure components
In the following the colors of the structure components are de-
rived galaxy by galaxy. In each color we calculated how much
the barlens color deviates from the color of another component,
that is, from the central peak, the thin bar, or the disk. These
color differences are shown in Fig. 8 using the same color indices
as above. In the histograms positive and negative deviations are
shown with red and blue colors, respectively. The median values
of the color differences are also indicated in the plots. The mea-
surements using the two approaches explained in Sect. 4.2 are
shown in panels (a) and (b).
This analysis also shows that the colors of barlenses are very
similar to the colors of the thin bars of the same galaxies, man-
ifested as almost zero deviations in their average color differ-
ences. Small deviations to both directions appear particularly in
(u-g) and (g-r), which can be associated to metallicity, star for-
mation, or small differences in the dominant stellar populations.
This is not unexpected having in mind that some of the barlenses
have rich structures manifested in their color maps, as will be
shown in the next section.
The central peaks (nuc1) are systematically redder than bar-
lenses in all the color indices except in (r-i). Using the larger
apertures (nuc2) gives somewhat bluer relative colors, because
in some of the galaxies the central color is contaminated by a
star forming nuclear ring. Anyway, the obtained tendencies for
the colors of the central regions is independent of the aperture
size used. However, there are also some barlenses in which the
central region is clearly bluer than the barlens, which is mani-
fested particularly in (u-g) and (g-r), and a hint of that appears
also in (r-i). In (r-i) this might be related to prominent emission
lines in star forming regions in r-band. On the other hand, the
colors of the disks within the bar radii are systematically bluer
than those of barlenses. Again, this is the case in all the other
colors except in (r-i).
5.4. Color profiles of individual galaxies
Color profiles in (g-r) and (i-z) for the barlens galaxies in our
color subsample are shown in Fig. 9 and Appendix B. The color
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Fig. 8: Color differences between the structure components calculated separately for each galaxy. Shown are the histograms of the
deviations from barlens color (blc), for the color subsample. The deviations are shown in four color indices. The red and blue
colors indicate whether the deviations are toward redder or bluer color, when compared to the color of the barlens. The numbers
are the median values of the deviations, indicated also by the vertical lines, and the standard deviations (σ). Panel (a) uses the
measurements from approach 1 and panel (b) those from approach 2 (see Section 4.2). The estimated photometric accuracy of the
colors of individual galaxies is 0.03 magnitudes.
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profiles were obtained from the corresponding color map, along
the bar major axis, within the stripes shown in Fig. 10 (region
between two parallel dashed lines). The stripes were defined to
have a width of 0.2 × rbl centered on the galaxy center. What
is actually shown in the profiles are the color deviations in re-
spect of the median colors along the bar major-axis. The radial
coordinates are normalized to rbar.
The color profiles were divided into groups based on how
flat the profiles are. F indicates a completely flat color profile in
which any deviation from flatness is not larger than the random
color variations of the profile. RP indicates that the galaxy has
a red central peak which is clearly larger than the random varia-
tions. RP+nr includes galaxies that have a red central peak and
also a nuclear ring clearly identifiable as two minima in the (g-r)
color profile, one at each side of the peak. nb contains galaxies
with nuclear bars classified by Buta et al. (2015). B contains bar-
lenses with bluer nuclear features due to a nuclear ring or a blue
central peak, here the (g-r) profile shows a minimum in the cen-
tral region. D means that the color images show plenty of dust
features inside the barlens manifested in the profiles as variable
color. According to this division of the barlens galaxies to differ-
ent groups, red central peaks appear in 21 (45%) of the galaxies.
This number includes also the five (11%) red nuclear bars, and
the five (11%) galaxies with star forming nuclear rings surround-
ing the red central peaks (in Appendix B: RP, RP+nr, nb). In ten
(21%) of the galaxies the profiles are completely flat, and seven
(15%) galaxies have blue central peaks. In nine (19%) of the
galaxies the whole barlens regions are full of dust and star form-
ing regions. The galaxies with star forming nuclear rings or red
nuclear bars are indicated in Table 1. Negative color gradients
in barlenses appear at least in IC 1067 and NGC 2968, and vari-
able colors in some other galaxies, associated to complex dusty
structures within the barlenses. NGC 6014 represents a particu-
lar case in which a nuclear ring is manifested as two minima in
the (g-r) profile, however it shows signs of a bluer central region.
We have included this galaxy in the B group (Appendix B) but
considered its nuclear ring in Table 1.
In conclusion: although the small central regions of barlenses
have on average redder colors than the rest of the barlens, the
color profiles along the bar major axis hint to clearly red central
peaks only in ∼ 23% of the barlenses (those that belong to the
RP group).
In order to characterize the extension of the red central peaks,
we looked at those galaxies for which the FWHM of the im-
ages is clearly smaller than the radial extension of the peak (see
Appendix B). In such cases one can be sure that the observed
structure is resolved and the size can be estimated in a reliable
manner. Visual inspection of the color profiles revealed that the
peak extension is typically ∼ 10% that of the bar. However, it
should be kept in mind that extinction by dust can also affect
this estimation of the peak extension.
Compared to the Atlas of Images of NUclear Rings (AINUR,
Comero´n et al. 2010) we have also detected blue nuclear rings
in NGC 3185, NGC 3351, NGC 4245, and NGC 4314, which
belong to our RP+nr group. On the other hand, nuclear rings are
reported in AINUR for the galaxies NGC 936 and NGC 4262,
classified by us as having flat color profiles. In fact, for NGC
4262 a nuclear ring might appear also in our color profile, but the
signature is not very strong. In total, we have 24 galaxies in com-
mon with AINUR but only 12 of them have the full set of optical
images used here (NGC 4593 has only g-band imaging). Apart
from the two F and four RP+nr cases mentioned above, from
AINUR we have classified one Rp (NGC 4371), two nb (NGC
F
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r / rbar
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NGC1015
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i-z  0.275
NGC4608
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i-z  0.281
NGC4659
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i-z  0.246
NGC5337
g-r  0.789
i-z  0.168
NGC5701
g-r  0.770
i-z  0.273
NGC5770
g-r  0.682
i-z  0.251
Fig. 9: Bar major axis color profiles in (g-r) (black) and (i-z)
(red) for the barlens galaxies in the F group. The radial coor-
dinate is normalized to the radius of the bar (rbar), and the thick
lines indicate the region inside the radius of the barlens (rbl). The
horizontal lines indicate the median color along the bar, and the
individual profiles are shifted by 0.5 mags. The dashed vertical
line indicates the galaxy center. The labels in the left give the
median (g-r) and (i-z) colors, and the bar on the right represents
the FWHM of the g-band image for each galaxy. Similar plots
for the RP, RP+nr, nb, B and D groups are shown in Appendix
B.
2859 and NGC 4340), one B (NGC 3945), and two D (NGC
4448 and NGC 4579) as can be seen in Fig. 9 and Appendix B.
About 20% (15) of the barlens galaxies in our sample are
shown to have some type of nuclear activity in HYPERLEDA
(Makarov et al. 2014), being mainly Seyfert 2 nuclei or LINERs.
Only NGC 4639 has Seyfert 1 type nucleus in our color sub-
sample. However, the galaxies with nuclear activity do not show
any peculiarities in their central colors. Eight of these galaxies
belong to our color subsample. We have compared their nuc1
median colors with those of the rest of galaxies without active
galactic nuclei (AGN) classification. The differences are ∆(u-g)
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= 0.024, ∆(g-r) = 0.016, ∆(r-i) = 0.034, and ∆(i-z) = 0.013 mag-
nitudes. These differences are smaller than, for example, those
among the disks and the bars of galaxies, except in the (r-i) in-
dex (see Section 5.1.2). This suggests that the central parts of
barlens galaxies with and without AGN are rather similar.
5.5. Color maps of individual galaxies
Color maps of the representative examples of barlens galaxies
are shown in Fig. 10. The g-band images, (g-r) and (i-z) color
maps, as well as the color profiles along the major and minor
axes of the bar in both colors are shown. In order to facilitate
the interpretation of the profiles, the images were rotated so that
the bar major axis appears always horizontally. In the color pro-
files, the red and blue vertical lines indicate the sizes of barlenses
and the thin bars, respectively. The selected galaxies are exam-
ples of the different categories shown in Fig. 9 and Appendix
B, marked in parenthesis below. The colors of bars are gener-
ally fairly smooth, although some of the bars have a lot of fine-
structure, related to dust extinction and recent star formation, or
separate structure components like nuclear bars or star forming
nuclear rings appear.
NGC 5701 (F): is an S0/a galaxy, at an inclination of inc = 15.2◦.
The color profiles both along the bar major and minor axes are
completely flat, and the barlens shows no structure in the opti-
cal colors. The median colors are (g-r) ∼ 0.77 and (i-z) ∼ 0.27,
which are also normal colors of elliptical galaxies according to
Shimasaku et al. (2001).
NGC 4596 (RP): is an S0/a galaxy with inclination of i = 35.5◦.
This galaxy has a red central peak at r ∼ 5′′, which has colors
of (g-r) = 0.91 and (i-z) = 0.39. At (g-r) this is a typical color
of an elliptical galaxy (compared with 0.83 ± 0.14 in Shimasaku
et al.), and at (i-z) slightly redder than the mean value (com-
pared with 0.27 ± 0.06 in Shimasaku et al.). The barlens is fea-
tureless even at (g-r) color showing very little intermediate aged
star formation or features of dust. This is an example of galaxies
in which small classical bulges might be present in the central
regions.
NGC 4314 (RP+nr): has a Hubble stage Sa, and has an inclina-
tion inc = 20.4◦. This is an example of barlens galaxies which
have a red central peak in the color profile along the bar major
axis (in g-r and i-z). The central peak appears within r = 5′′,
and has colors of (g-r) ∼ 0.92 and (i-z) ∼ 0.35, which are red-
der than the mean values in normal elliptical galaxies. The red
peak is surrounded by a star forming nuclear ring visible in (g-r).
Outside the nuclear ring spiral arms appear, which are red in (g-
r) probably being a manifestation of dust. The nuclear ring and
the nuclear bar of this galaxy have been previously discussed in
the optical by Erwin & Sparke (2003, see references there), and
in the infrared by Laurikainen et al. (2011). In Laurikainen et al.
(2014, see their figure 1) the observed surface brightness profiles
along the bar major and minor axis were shown and compared
with those predicted by the simulation model by Athanassoula
et al. (2013). They concluded that these profiles are similar to
those predicted by the simulation models.
NGC 4143 (nb): this is an S0 galaxy with an inclination of inc =
43.8◦. It hosts a nuclear bar with a radius of rnb = 2′′(Laurikainen
et al. 2011). Looking at its (i-z) color profiles, it seems likely that
the observed central peak is related to this feature. This is sug-
gested by the peak radial extension, which roughly corresponds
to that of the nuclear bar. This can also be seen in Appendix B,
given that rnb, normalized to the size of the main bar (rbar) is
∼ 0.1, which is roughly the same extension of the central peak.
However, in this case the central peak is unresolved because the
FWHM is larger than the peak extension.
NGC 3380 (B): this galaxy has Hubble stage S0/a and galaxy
inclination of inc = 20.8◦. Belonging to category B, the barlens
has a blue central region within a few arcseconds inside a redder
barlens. The blue nucleus within a few arcseconds appears in
both colors, but it is particularly clear in (g-r), indicating that
it consists of younger stellar populations than the barlens. The
bar is blue in its outskirts, and in the zone where it crosses the
surrounding ring-like structure (rs).
NGC 4579 (D): this is an Sa galaxy at inc = 41.6◦. This is an ex-
ample of a dusty barlens galaxies. Particularly in the (g-r) color
map a lot of fine structure appears inside the barlens. The star
forming regions inside the barlens are oriented along the disk,
but they are much more elongated than the outer disk, mean-
ing that they are clearly associated to the barlens morphology.
In the (i-z) color profile there is a small red central peak.The
minor-axis profile further illustrates that the red color is associ-
ated to the whole barlens, which color steadily turns bluer from
the galaxy center toward the edge of the barlens.
6. Discussion
6.1. Barlenses form part of the bar
One of the main motivations of this study was to answer the
question whether the optical broadband colors support the idea
that barlenses form part of the bar, in a similar manner as the
boxy/peanut bulges do. We have shown that the mean colors of
the two bar components, barlenses and the thin bar, are identi-
cal. The colors of the two bar components also fall into the same
regions in the color-color diagrams studied by us, which means
that they must have fairly similar metallicities, dust content, and
dominant stellar populations. However, one must keep in mind
that the straight comparison of measured colors with those pre-
dicted by models provides no clear, unambiguous age informa-
tion. If we look at the individual galaxies and the obtained color
differences between the two bar components we end up with
the same conclusion: no systematic deviations either to redder
or bluer colors appear in any of the color indices. The range of
deviations is extremely narrow in (r-i) and (i-z), and somewhat
broader in (u-g) and (g-r). Obviously some of the barlenses are
dusty and have a variable contribution of young and interme-
diate aged stars, which naturally explains the broadening. Our
method for obtaining the colors is robust, and does not depend
on whether the region of the thin bar within the barlens radius
is included to the color measurement or not. So the answer is
that the colors obtained for the two bar components in this study
indeed are consistent with the idea that barlenses form part of
the bar. The main body of the stars in barlenses were formed at
the same time with the stars of the thin bars. Whether the barlens
structure also formed at the same time with the rest of the bar is a
matter of making detailed dynamical models for these galaxies.
The colors do not answer the question whether barlenses
are also thick in the vertical direction. However, support for
the vertical thickening of barlenses comes from our analysis
of their apparent isophotal orientations with respect to the thin
bars and the disks line-of-nodes. A comparison with the pre-
dictions of the theoretical models also provide some insight to
this question. Formation of barlenses in the simulation models
have been discussed by Athanassoula et al. (2015). Their sim-
ulations use GADGET-3, combining stellar N-body with SPH
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Fig. 10: Examples of the different types of barlenses discussed
in the text. For each galaxy shown are: g-band image (left), (g-
r) color map (middle), and (i-z) color map (right). For the color
maps shown are also the color profiles along the bar major and
minor axes, measured within the regions marked with dashed
lines. The vertical lines in the profiles indicate the bar (blue) and
the barlens (red) radii. All the dimensions are in arcseconds, and
the images are rotated so that the bar (measured from the 3.6 or
2.2 µm image) is horizontally oriented. Similar plots for the rest
of galaxies in the color subsample are shown in Appendix A.
methods, which makes possible to model star formation during
the formation and evolution of the bar. In these models the ver-
tically thick inner bar components are protruded from the disk
material soon after the bar forms. In the edge-on view they are
boxy/peanuts or X-shapes structures, and in face-on view have
the appearance of barlenses. No bulges were added to these mod-
els while starting the simulations, while a central concentration
could grow during the simulation via bar induced gas inflow and
star formation. More details of these models are explained by
Athanassoula et al. (2013). For several galaxies in our sample
(NGC 1022, NGC 1512, NGC 4314, NGC 4608, and NGC 5101)
Athanassoula et al. (2015) suggested that the Ks-band or 3.6 µm
profiles along the bar major axis can be explained by their mod-
els without invoking any assumption of a pre-existing classical
bulge. Direct comparisons with the model profiles were done
for NGC 5101 in Athanassoula et al. (2015, their Fig. 3) and
for NGC 4314 in Laurikainen et al. (2014, their Fig. 1). They
observed that the surface brightness profile along the bar mi-
nor axis is exponential. Along the bar major axis the profile is
less steep and has an exponential subsection associated to the
barlens. Similar bar profiles were obtained in the models by
Athanassoula et al. although they were not specific models to
those galaxies.
Although no predictions of specific colors of the structure
components are given in these models, they do predict that
the oldest stars in the vertically thin and thick bar components
should have similar ages. When bars evolve in their models they
are rejuvenated by later gas accretion and star formation which
can be manifested throughout the bar. This is in a qualitative
agreement with the similar colors obtained for the two bar com-
ponents in this study, although the colors still leave open the
question what are actually the ages of the oldest stars in these
structures. Many of the barlenses in our sample also have reju-
venated stellar populations and strong features of dust, indicat-
ing that they have accreted gas also after the bar formation, of
which gas only some fraction has ended up to the central regions
of these galaxies.
6.2. Classical bulges embedded in barlenses?
Bulges in S0s are generally thought to be massive, although
multi-component structural decompositions have reduced the
mass estimates (Laurikainen et al. 2005, 2010, 2014; Erwin et al.
2015). However, we would still expect to see the most massive
classical bulges in the S0s. Having this in mind the different
groups of the barlens color profiles studied in this work are in-
teresting. A typical profile type is flat along the bar major axis,
showing no evidence of a massive (classical) bulge redder than
the bar itself. In one of the barlens groups the barlens is even cov-
ered by irregular dusty features, of which NGC 2968 and NGC
1022 are good examples. Such dust features might be manifes-
tations of ongoing gas accretion to the barlenses. In the rest of
the barlens groups the characteristic features appear in the cen-
tral regions of the galaxies, either associated directly with recent
star formation, or manifesting themselves in the form of small
red central peaks. In one the groups the red central peaks are due
to red nuclear bars, but there are also barlenses in which the red
central peaks are rather unresolved dusty nuclei, or small central
concentrations of the old stellar populations.
Our study does not support the idea that massive classical
bulges appear in S0s, but it does not rule out either the possibility
that small bulges other than barlenses appear in these galaxies.
As colors alone are not sufficient to distinguish stellar population
ages, detailed stellar population analysis for individual galaxies,
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combined with simulation models, is needed for retrieving the
star formation histories of barlenses.
7. Summary and conclusions
We have analyzed a sample of 79 barlens galaxies that appear in
the classification by Buta et al. (2015) in the Spitzer Survey of
Stellar Structure in Galaxies (S4G; Sheth et al. 2010), and in the
Near-IR S0 galaxy Survey by Laurikainen et al. (2011, NIRS0S).
The infrared images of these surveys were used to measure the
sizes and orientations of barlenses. The conclusions made from
the study of these parameters are the following:
Barlens orientations were compared with the orientations of the
thin bars and the lines-of-nodes. We showed that the region
where barlens galaxies appear in the |PAbar - PAdisk| vs. |PAbl -
PAdisk| plane is as expected if they were vertically thick compo-
nents embedded in a flat disk. In galaxies seen in nearly face-on
view (inc < 40◦) barlenses are often aligned with the thin bar
indicating small intrinsic elongation along the thin bar.
The size and orientation measurements of barlenses obtained in
this study are consistent with those previously made by Herrera-
Endoqui et al. (2015) for the same galaxies.
For a subset of 47 galaxies optical colors using the Sloan
Digital Sky Survey (SDSS) images at u, g, r, i, and z-bands from
Knapen et al. (2014), were studied. The colors of the different
structure components, including the two bar components (bar-
lens and thin bar), the disks, and the central regions of the galax-
ies were measured. Color maps and color-color diagrams were
also constructed. Based on the color profiles along the bar major
axis, the galaxies were divided into different groups. The follow-
ing conclusions were made:
Barlenses vs. thin bars: the two bar components were found to
have very similar colors in all the color index images studied
here. It means that their stellar populations, metallicities, and the
values of internal galactic extinction must on average be fairly
similar. Thus, the very similar colors that we found for the bar-
lenses and the thin bars, are a manifestation that barlenses indeed
form part of bars, in a similar manner as boxy/peanut bulges.
The mean colors at (u-g), (g-r), (r-i) and (i-z) are also similar to
the mean colors of normal elliptical galaxies. Galaxy by galaxy
studies further showed that galaxies which have irregular fea-
tures related to rejuvenated stellar populations in barlenses do
exist.
Barlenses vs. central peaks: except for the (r-i) color index, the
central peaks are slightly shifted toward redder colors in all of
our color-color diagrams. This can be due to internal galactic
extinction or higher metallicities, but based on the stellar popu-
lation grids used by us no unambiguous explanations for these
redder colors could be obtained. Many of the barlenses (11, ac-
counting for ∼ 23 % of the color subsample) also have central
star forming nuclear rings or redder nuclear bars.
Barlenses vs. the underlying disks: disks are systematically bluer
than bars (or barlenses) in all the color indices studied here, ex-
cept in (r-i). The difference is best visible in the color-color dia-
grams (r-i) vs. (g-r) and (i-z) vs. (r-i).
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Appendix A: Color maps and color profiles of the
barlens galaxies in the color subsample
In this appendix we include similar plots as those presented
in Fig. 10 for the complete barlens color subsample. For each
galaxy we show the g-band image in the bar region (left panel),
the (g-r) color map and color profiles both along the major and
minor axes of the bar (middle panels), and the corresponding
(i-z) color map and profiles (right panels).
-20 -10 0 10 20
arcsec
-20
-10
0
10
20
a
rc
se
c
IC1067 g-band
-20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
SB(r,bl)ab; [g-r]
-20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
SB(r,bl)ab; [i-z]
-20 -10 0 10 20
arcsec
0.40.5
0.6
0.7
0.80.9
 
 
 0.40
 
 
 0.50
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
-20 -10 0 10 20
arcsec
0.00.1
0.2
0.3
0.40.5
bl radius
bar radius
 
 
 0.00
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-60 -40 -20 0 20 40 60
arcsec
-60
-40
-20
0
20
40
a
rc
se
c
NGC0936 g-band
-60 -40 -20 0 20 40 60
-60
-40
-20
0
20
40
a
rc
se
c
(L)SBa(rs,bl)0+; [g-r]
-60 -40 -20 0 20 40 60
-60
-40
-20
0
20
40
a
rc
se
c
(L)SBa(rs,bl)0+; [i-z]
-60 -40 -20 0 20 40 60
arcsec
0.70
0.75
0.80
0.85
 
 
 0.70
 
 
 0.75
 
 
 0.80
 
 
 0.85
-60 -40 -20 0 20 40 60
arcsec
0.15
0.20
0.25
0.30
0.35
bl radius
bar radius
 
 
 0.15
 
 
 0.20
 
 
 0.25
 
 
 0.30
 
 
 0.35
-20 -10 0 10 20
arcsec
-20
-10
0
10
20
a
rc
se
c
NGC1015 g-band
-20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
(R’)SB(r,bl)0/a; [g-r]
-20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
(R’)SB(r,bl)0/a; [i-z]
-20 -10 0 10 20
arcsec
0.6
0.7
0.8
0.9
1.0
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
 
 
 1.00
-20 -10 0 10 20
arcsec
0.1
0.2
0.3
0.4
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
-20 -10 0 10 20
arcsec
-30
-20
-10
0
10
20
a
rc
se
c
NGC1022 g-band
-20 -10 0 10 20
-30
-20
-10
0
10
20
a
rc
se
c
(RL)SAB(rs,bl,ns)0/a; [g-r]
-20 -10 0 10 20
-30
-20
-10
0
10
20
a
rc
se
c
(RL)SAB(rs,bl,ns)0/a; [i-z]
-20 -10 0 10 20
arcsec
0.4
0.6
0.8
1.0
1.2
 
 
 0.40
 
 
 0.60
 
 
 0.80
 
 
 1.00
 
 
 1.20
-20 -10 0 10 20
arcsec
0.1
0.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-20 -10 0 10 20 30
arcsec
-30
-20
-10
0
10
20
a
rc
se
c
NGC2543 g-band
-20 -10 0 10 20 30
-30
-20
-10
0
10
20
a
rc
se
c
SAB(s,bl)b; [g-r]
-20 -10 0 10 20 30
-30
-20
-10
0
10
20
a
rc
se
c
SAB(s,bl)b; [i-z]
-20 -10 0 10 20 30
arcsec
0.20.4
0.6
0.8
1.01.2
 
 
 0.20
 
 
 0.40
 
 
 0.60
 
 
 0.80
 
 
 1.00
 
 
 1.20
-20 -10 0 10 20 30
arcsec
0.1
0.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC2859 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(R)SABa(rl,bl,nl,nb)0+; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(R)SABa(rl,bl,nl,nb)0+; [i-z]
-40 -20 0 20 40
arcsec
0.70
0.75
0.80
0.85
 
 
 0.70
 
 
 0.75
 
 
 0.80
 
 
 0.85
-40 -20 0 20 40
arcsec
0.15
0.20
0.25
0.30
0.35
bl radius
bar radius
 
 
 0.15
 
 
 0.20
 
 
 0.25
 
 
 0.30
 
 
 0.35
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC2968 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(L)SB(s,bl)0+; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(L)SB(s,bl)0+; [i-z]
-40 -20 0 20 40
arcsec
0.6
0.8
1.0
1.2
1.41.6
 
 
 0.60
 
 
 0.80
 
 
 1.00
 
 
 1.20
 
 
 1.40
 
 
 1.60
-40 -20 0 20 40
arcsec
0.1
0.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC3185 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(RL)SABax(rs,bl)0/a; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(RL)SABax(rs,bl)0/a; [i-z]
-40 -20 0 20 40
arcsec
0.5
0.6
0.7
0.8
0.9
 
 
 0.50
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
-40 -20 0 20 40
arcsec
0.1
0.2
0.3
0.4
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
-20 -10 0 10 20
arcsec
-20
-10
0
10
20
a
rc
se
c
NGC3266 g-band
-20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
(RL)SB(bl)0o; [g-r]
-20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
(RL)SB(bl)0o; [i-z]
-20 -10 0 10 20
arcsec
0.50.6
0.7
0.8
0.91.0
 
 
 0.50
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
 
 
 1.00
-20 -10 0 10 20
arcsec
0.00.1
0.2
0.3
0.40.5
bl radius
bar radius
 
 
 0.00
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-60 -40 -20 0 20 40 60
arcsec
-60
-40
-20
0
20
40
60
a
rc
se
c
NGC3351 g-band
-60 -40 -20 0 20 40 60
-60
-40
-20
0
20
40
60
a
rc
se
c
(R’)SB(r,bl,nr)a; [g-r]
-60 -40 -20 0 20 40 60
-60
-40
-20
0
20
40
60
a
rc
se
c
(R’)SB(r,bl,nr)a; [i-z]
-60 -40 -20 0 20 40 60
arcsec
0.4
0.6
0.8
1.0
 
 
 0.40
 
 
 0.60
 
 
 0.80
 
 
 1.00
-60 -40 -20 0 20 40 60
arcsec
0.1
0.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-50 0 50
arcsec
-50
0
50
a
rc
se
c
NGC3368 g-band
-50 0 50
-50
0
50
a
rc
se
c
(RL)SAB(rs,bl,nl)0+; [g-r]
-50 0 50
-50
0
50
a
rc
se
c
(RL)SAB(rs,bl,nl)0+; [i-z]
-50 0 50
arcsec
0.40.6
0.8
1.0
1.2
 
 
 0.40
 
 
 0.60
 
 
 0.80
 
 
 1.00
 
 
 1.20
-50 0 50
arcsec
0.1
0.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
17
Herrera-Endoqui et al.: Barlenses
-40 -20 0 20 40 60
arcsec
-60
-40
-20
0
20
40
60
a
rc
se
c
NGC3384 g-band
-40 -20 0 20 40 60
-60
-40
-20
0
20
40
60
a
rc
se
c
(L)SAB(bl)0-; [g-r]
-40 -20 0 20 40 60
-60
-40
-20
0
20
40
60
a
rc
se
c
(L)SAB(bl)0-; [i-z]
-40 -20 0 20 40 60
arcsec
0.60
0.65
0.70
0.75
0.80
 
 
 0.60
 
 
 0.65
 
 
 0.70
 
 
 0.75
 
 
 0.80
-40 -20 0 20 40 60
arcsec
0.1
0.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC3489 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(R)SAB(r,bl)0o:; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(R)SAB(r,bl)0o:; [i-z]
-40 -20 0 20 40
arcsec
0.40.5
0.6
0.7
0.80.9
 
 
 0.40
 
 
 0.50
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
-40 -20 0 20 40
arcsec
0.00.1
0.2
0.3
0.40.5
bl radius
bar radius
 
 
 0.00
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-30 -20 -10 0 10 20
arcsec
-20
-10
0
10
20
a
rc
se
c
NGC3637 g-band
-30 -20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
(RL)SBa(rl,bl)0o+; [g-r]
-30 -20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
(RL)SBa(rl,bl)0o+; [i-z]
-30 -20 -10 0 10 20
arcsec
0.80
0.82
0.84
0.86
0.88
 
 
 0.80
 
 
 0.82
 
 
 0.84
 
 
 0.86
 
 
 0.88
-30 -20 -10 0 10 20
arcsec
0.40.5
0.6
0.7
0.8
bl radius
bar radius
 
 
 0.40
 
 
 0.50
 
 
 0.60
 
 
 0.70
 
 
 0.80
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC3941 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(R)SBa(bl)0o; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(R)SBa(bl)0o; [i-z]
-40 -20 0 20 40
arcsec
0.65
0.70
0.75
0.80
0.85
 
 
 0.65
 
 
 0.70
 
 
 0.75
 
 
 0.80
 
 
 0.85
-40 -20 0 20 40
arcsec
0.15
0.20
0.25
0.30
0.35
bl radius
bar radius
 
 
 0.15
 
 
 0.20
 
 
 0.25
 
 
 0.30
 
 
 0.35
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC3945 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(R)SBa(rl,nl,bl)0+; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(R)SBa(rl,nl,bl)0+; [i-z]
-40 -20 0 20 40
arcsec
0.6
0.7
0.8
0.9
1.0
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
 
 
 1.00
-40 -20 0 20 40
arcsec
0.15
0.20
0.25
0.30
0.35
bl radius
bar radius
 
 
 0.15
 
 
 0.20
 
 
 0.25
 
 
 0.30
 
 
 0.35
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC3953 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
SB(r,bl)b; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
SB(r,bl)b; [i-z]
-40 -20 0 20 40
arcsec
0.6
0.7
0.8
0.9
1.0
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
 
 
 1.00
-40 -20 0 20 40
arcsec
0.1
0.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-50 0 50
arcsec
-50
0
50
a
rc
se
c
NGC3992 g-band
-50 0 50
-50
0
50
a
rc
se
c
SB(rs,bl,nb)ab; [g-r]
-50 0 50
-50
0
50
a
rc
se
c
SB(rs,bl,nb)ab; [i-z]
-50 0 50
arcsec
0.50.6
0.7
0.8
0.9
 
 
 0.50
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
-50 0 50
arcsec
0.25
0.30
0.35
0.40
0.45
bl radius
bar radius
 
 
 0.25
 
 
 0.30
 
 
 0.35
 
 
 0.40
 
 
 0.45
-20 -10 0 10 20
arcsec
-20
-10
0
10
20
a
rc
se
c
NGC4143 g-band
-20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
(L,R’L)SABa(s,nb,bl)0-; [g-r]
-20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
(L,R’L)SABa(s,nb,bl)0-; [i-z]
-20 -10 0 10 20
arcsec
0.6
0.7
0.8
0.9
1.0
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
 
 
 1.00
-20 -10 0 10 20
arcsec
0.10.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC4245 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(RL)SB(r,bl,nrl)0+; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(RL)SB(r,bl,nrl)0+; [i-z]
-40 -20 0 20 40
arcsec
0.65
0.70
0.75
0.80
0.85
 
 
 0.65
 
 
 0.70
 
 
 0.75
 
 
 0.80
 
 
 0.85
-40 -20 0 20 40
arcsec
0.15
0.20
0.25
0.30
0.35
bl radius
bar radius
 
 
 0.15
 
 
 0.20
 
 
 0.25
 
 
 0.30
 
 
 0.35
-20 -10 0 10 20
arcsec
-20
-10
0
10
20
a
rc
se
c
NGC4262 g-band
-20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
(L)SBa(l,bl)0-o; [g-r]
-20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
(L)SBa(l,bl)0-o; [i-z]
-20 -10 0 10 20
arcsec
0.6
0.7
0.8
0.9
1.0
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
 
 
 1.00
-20 -10 0 10 20
arcsec
0.00.1
0.2
0.3
0.40.5
bl radius
bar radius
 
 
 0.00
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC4340 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
SBa(r,nr,nb,bl)0+; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
SBa(r,nr,nb,bl)0+; [i-z]
-40 -20 0 20 40
arcsec
0.65
0.70
0.75
0.80
0.85
 
 
 0.65
 
 
 0.70
 
 
 0.75
 
 
 0.80
 
 
 0.85
-40 -20 0 20 40
arcsec
0.1
0.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-60 -40 -20 0 20 40 60
arcsec
-60
-40
-20
0
20
40
60
a
rc
se
c
NGC4371 g-band
-60 -40 -20 0 20 40 60
-60
-40
-20
0
20
40
60
a
rc
se
c
(L)SBa(r,bl,nr)0o+; [g-r]
-60 -40 -20 0 20 40 60
-60
-40
-20
0
20
40
60
a
rc
se
c
(L)SBa(r,bl,nr)0o+; [i-z]
-60 -40 -20 0 20 40 60
arcsec
0.70
0.75
0.80
0.85
 
 
 0.70
 
 
 0.75
 
 
 0.80
 
 
 0.85
-60 -40 -20 0 20 40 60
arcsec
0.20
0.25
0.30
0.35
bl radius
bar radius
 
 
 0.20
 
 
 0.25
 
 
 0.30
 
 
 0.35
18
Herrera-Endoqui et al.: Barlenses
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC4394 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(RL)SB(rs,bl,nl)0/a; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(RL)SB(rs,bl,nl)0/a; [i-z]
-40 -20 0 20 40
arcsec
0.5
0.6
0.7
0.8
0.9
 
 
 0.50
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
-40 -20 0 20 40
arcsec
0.0
0.1
0.2
0.3
0.4
bl radius
bar radius
 
 
 0.00
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC4448 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(R)SB(r,bl)0/a; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(R)SB(r,bl)0/a; [i-z]
-40 -20 0 20 40
arcsec
0.60.7
0.8
0.9
1.0
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
 
 
 1.00
-40 -20 0 20 40
arcsec
0.1
0.2
0.3
0.4
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
-20 0 20 40
arcsec
-40
-20
0
20
a
rc
se
c
NGC4454 g-band
-20 0 20 40
-40
-20
0
20
a
rc
se
c
(RL)SAB(r,bl)0/a; [g-r]
-20 0 20 40
-40
-20
0
20
a
rc
se
c
(RL)SAB(r,bl)0/a; [i-z]
-20 0 20 40
arcsec
0.6
0.7
0.8
0.9
1.0
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
 
 
 1.00
-20 0 20 40
arcsec
0.00.1
0.2
0.3
0.40.5
bl radius
bar radius
 
 
 0.00
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-50 0 50
arcsec
-50
0
50
a
rc
se
c
NGC4548 g-band
-50 0 50
-50
0
50
a
rc
se
c
SB(rs,bl)ab; [g-r]
-50 0 50
-50
0
50
a
rc
se
c
SB(rs,bl)ab; [i-z]
-50 0 50
arcsec
0.6
0.7
0.8
0.9
1.0
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
 
 
 1.00
-50 0 50
arcsec
0.15
0.20
0.25
0.30
0.35
bl radius
bar radius
 
 
 0.15
 
 
 0.20
 
 
 0.25
 
 
 0.30
 
 
 0.35
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC4608 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
SB(r,bl)0+; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
SB(r,bl)0+; [i-z]
-40 -20 0 20 40
arcsec
0.65
0.70
0.75
0.80
0.85
 
 
 0.65
 
 
 0.70
 
 
 0.75
 
 
 0.80
 
 
 0.85
-40 -20 0 20 40
arcsec
0.1
0.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-20 0 20
arcsec
-20
0
20
a
rc
se
c
NGC4639 g-band
-20 0 20
-20
0
20
a
rc
se
c
(R’)SAB(rs,bl)ab; [g-r]
-20 0 20
-20
0
20
a
rc
se
c
(R’)SAB(rs,bl)ab; [i-z]
-20 0 20
arcsec
0.2
0.4
0.6
0.8
1.0
 
 
 0.20
 
 
 0.40
 
 
 0.60
 
 
 0.80
 
 
 1.00
-20 0 20
arcsec
0.0
0.1
0.2
0.3
0.4
bl radius
bar radius
 
 
 0.00
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC4643 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(L)SB(rs,bl,nl)0o+; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(L)SB(rs,bl,nl)0o+; [i-z]
-40 -20 0 20 40
arcsec
0.70
0.75
0.80
0.85
 
 
 0.70
 
 
 0.75
 
 
 0.80
 
 
 0.85
-40 -20 0 20 40
arcsec
0.1
0.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-20 -10 0 10 20
arcsec
-20
-10
0
10
20
a
rc
se
c
NGC4659 g-band
-20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
(RL)SAB(l,bl)0o; [g-r]
-20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
(RL)SAB(l,bl)0o; [i-z]
-20 -10 0 10 20
arcsec
0.5
0.6
0.7
0.8
0.9
 
 
 0.50
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
-20 -10 0 10 20
arcsec
0.00.1
0.2
0.3
0.4
bl radius
bar radius
 
 
 0.00
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC4754 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(L)SBa(bl)0-o; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(L)SBa(bl)0-o; [i-z]
-40 -20 0 20 40
arcsec
0.700.75
0.80
0.85
0.90
 
 
 0.70
 
 
 0.75
 
 
 0.80
 
 
 0.85
 
 
 0.90
-40 -20 0 20 40
arcsec
0.1
0.2
0.3
0.4
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
-15 -10 -5 0 5 10
arcsec
-15
-10
-5
0
5
10
15
a
rc
se
c
NGC4795 g-band
-15 -10 -5 0 5 10
-15
-10
-5
0
5
10
15
a
rc
se
c
(R’)SABa(l,bl)a pec; [g-r]
-15 -10 -5 0 5 10
-15
-10
-5
0
5
10
15
a
rc
se
c
(R’)SABa(l,bl)a pec; [i-z]
-15 -10 -5 0 5 10
arcsec
0.65
0.70
0.75
0.80
0.85
 
 
 0.65
 
 
 0.70
 
 
 0.75
 
 
 0.80
 
 
 0.85
-15 -10 -5 0 5 10
arcsec
0.15
0.20
0.25
0.30
bl radius
bar radius
 
 
 0.15
 
 
 0.20
 
 
 0.25
 
 
 0.30
-20 -10 0 10
arcsec
-20
-10
0
10
a
rc
se
c
NGC5337 g-band
-20 -10 0 10
-20
-10
0
10
a
rc
se
c
SB(rs,bl)0/a; [g-r]
-20 -10 0 10
-20
-10
0
10
a
rc
se
c
SB(rs,bl)0/a; [i-z]
-20 -10 0 10
arcsec
0.5
0.6
0.7
0.8
0.9
 
 
 0.50
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
-20 -10 0 10
arcsec
0.0
0.1
0.2
0.3
0.4
bl radius
bar radius
 
 
 0.00
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
-20 0 20
arcsec
-20
0
20
a
rc
se
c
NGC5339 g-band
-20 0 20
-20
0
20
a
rc
se
c
SAB(rs,bl)ab; [g-r]
-20 0 20
-20
0
20
a
rc
se
c
SAB(rs,bl)ab; [i-z]
-20 0 20
arcsec
0.2
0.4
0.6
0.8
1.0
 
 
 0.20
 
 
 0.40
 
 
 0.60
 
 
 0.80
 
 
 1.00
-20 0 20
arcsec
0.0
0.1
0.2
0.3
0.4
bl radius
bar radius
 
 
 0.00
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
19
Herrera-Endoqui et al.: Barlenses
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC5347 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
SB(rs,bl)a; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
SB(rs,bl)a; [i-z]
-40 -20 0 20 40
arcsec
0.2
0.4
0.6
0.8
1.0
 
 
 0.20
 
 
 0.40
 
 
 0.60
 
 
 0.80
 
 
 1.00
-40 -20 0 20 40
arcsec
0.00.1
0.2
0.3
0.4
bl radius
bar radius
 
 
 0.00
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
-20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC5375 g-band
-20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(R’)SBa(rs,bl)ab; [g-r]
-20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(R’)SBa(rs,bl)ab; [i-z]
-20 0 20 40
arcsec
0.40.5
0.6
0.7
0.8
0.9
 
 
 0.40
 
 
 0.50
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
-20 0 20 40
arcsec
0.00.1
0.2
0.3
0.40.5
bl radius
bar radius
 
 
 0.00
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-40 -20 0 20 40
arcsec
-40
-20
0
20
40
a
rc
se
c
NGC5750 g-band
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(RL)SAB(r’l,rs,bl)0/a; [g-r]
-40 -20 0 20 40
-40
-20
0
20
40
a
rc
se
c
(RL)SAB(r’l,rs,bl)0/a; [i-z]
-40 -20 0 20 40
arcsec
0.4
0.6
0.8
1.0
1.2
 
 
 0.40
 
 
 0.60
 
 
 0.80
 
 
 1.00
 
 
 1.20
-40 -20 0 20 40
arcsec
0.1
0.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-30 -20 -10 0 10 20 30
arcsec
-30
-20
-10
0
10
20
30
a
rc
se
c
NGC5770 g-band
-30 -20 -10 0 10 20 30
-30
-20
-10
0
10
20
30
a
rc
se
c
SAB(rl,bl)0+; [g-r]
-30 -20 -10 0 10 20 30
-30
-20
-10
0
10
20
30
a
rc
se
c
SAB(rl,bl)0+; [i-z]
-30 -20 -10 0 10 20 30
arcsec
0.5
0.6
0.7
0.8
0.9
 
 
 0.50
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
-30 -20 -10 0 10 20 30
arcsec
0.15
0.20
0.25
0.30
0.35
bl radius
bar radius
 
 
 0.15
 
 
 0.20
 
 
 0.25
 
 
 0.30
 
 
 0.35
-50 0 50
arcsec
-50
0
50
a
rc
se
c
NGC5850 g-band
-50 0 50
-50
0
50
a
rc
se
c
(R’)SB(r,bl,nr,nb)ab; [g-r]
-50 0 50
-50
0
50
a
rc
se
c
(R’)SB(r,bl,nr,nb)ab; [i-z]
-50 0 50
arcsec
0.4
0.6
0.8
1.0
1.2
 
 
 0.40
 
 
 0.60
 
 
 0.80
 
 
 1.00
 
 
 1.20
-50 0 50
arcsec
0.1
0.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-20 0 20
arcsec
-20
0
20
a
rc
se
c
NGC5957 g-band
-20 0 20
-20
0
20
a
rc
se
c
(R’)SAB(rs,bl)ab; [g-r]
-20 0 20
-20
0
20
a
rc
se
c
(R’)SAB(rs,bl)ab; [i-z]
-20 0 20
arcsec
0.2
0.4
0.6
0.8
1.0
 
 
 0.20
 
 
 0.40
 
 
 0.60
 
 
 0.80
 
 
 1.00
-20 0 20
arcsec
0.1
0.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
-20 -10 0 10 20
arcsec
-20
-10
0
10
20
a
rc
se
c
NGC6014 g-band
-20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
SAB(rs,bl)0/a; [g-r]
-20 -10 0 10 20
-20
-10
0
10
20
a
rc
se
c
SAB(rs,bl)0/a; [i-z]
-20 -10 0 10 20
arcsec
0.5
0.6
0.7
0.8
0.9
 
 
 0.50
 
 
 0.60
 
 
 0.70
 
 
 0.80
 
 
 0.90
-20 -10 0 10 20
arcsec
0.1
0.2
0.3
0.4
0.5
bl radius
bar radius
 
 
 0.10
 
 
 0.20
 
 
 0.30
 
 
 0.40
 
 
 0.50
20
Herrera-Endoqui et al.: Barlenses
Appendix B: Color profiles of the barlens galaxies
in the color subsample
In this appendix we show the same information as in Fig. 9 for
the RP, RP+nr, nb, B and D profile groups (see text for details).
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Appendix C: Data table
Table 1: Sample of barlens galaxies used in this paper. Shown are the galaxy name, the morphological classification, the distance, and the projected properties of the disks, bars
and barlenses (bl). i, PA, r and b/a are for inclination, position angle, radius and axis ratio, respectively.
Galaxy Classification idisk PAdisk rbl PAbl (b/a)bl rbar PAbar (b/a)bar Distancea Surface brightnessb
(deg) (deg) (arcsec) (deg) (deg) (arcsec) (deg) (Mpc) (mag arcsec−2)
IC 1067∗ SB(r,bl)ab 38.3 ± 2.1 117.4 ± 2.0 10.89 ± 0.14 143.2 ± 0.4 0.542 ± 0.008 18.66 ± 0.17 151.1 ± 0.5 0.357 ± 0.003 23.3 20.4
IC 2051 SB(rs,bl)b 53.2 ± 0.7 72.0 ± 0.6 11.97 ± 0.02 69.8 ± 0.5 0.611 ± 0.009 18.21 ± 2.10 6.4 ± 3.2 0.530 ± 0.061 23.9 19.8
NGC 613 SB(rs,bl,nr)b 38.9 ± 2.0 125.9 ± 4.1 39.39 ± 0.40 125.1 ± 0.2 0.481 ± 0.007 77.10 ± 4.03 125.6 ± 1.1 0.245 ± 0.013 25.1 20.2
NGC 936∗ (L)SBa(rs,bl)0+ 42.4 ± 0.5 126.6 ± 1.5 22.62 ± 0.15 124.9 ± 0.8 0.876 ± 0.007 36.70 ± 0.40 82.3 ± 0.6 0.528 ± 0.006 20.7 20.1
NGC 1015∗ (R′)SB(r,bl)0/a 30.5 ± 1.0 12.5 ± 4.4 10.62 ± 0.09 77.6 ± 8.1 0.951 ± 0.013 21.49 ± 0.24 101.4 ± 0.5 0.477 ± 0.005 33.1 21.0
NGC 1022∗ (RL)SAB(rs,bl,ns)0/a 21.6 ± 0.6 175.9 ± 4.3 11.99 ± 0.15 135.7 ± 3.5 0.644 ± 0.027 16.93 ± 0.37 108.2 ± 0.3 0.602 ± 0.013 18.5 19.8
NGC 1079 (RL)SABa(rs,bl)0+ 52.3 ± 3.2 79.1 ± 2.7 19.20 ± 0.22 94.4 ± 1.1 0.723 ± 0.028 33.40 ± 0.80 119.6 ± 3.8 0.500 ± 0.006 26.0 17.7
NGC 1097 (R′)SB(rs,bl,nr)ab pec 48.1 ± 0.4 126.5 ± 2.6 55.18 ± 0.81 143.1 ± 0.3 0.571 ± 0.009 93.96 ± 0.58 141.1 ± 2.9 0.354 ± 0.002 20.0 20.4
NGC 1201 SABa(r′l,bl,nb)00 51.4 ± 0.2 4.9 ± 1.4 16.80 ± 0.46 9.4 ± 0.7 0.701 ± 0.041 25.00 ± 0.00 15.0 ± 0.0 0.560 ± 0.000 20.2 16.9
NGC 1291 (R)SAB(l,bl,nb)0+ 7.1 ± 1.9 17.7 ± 36.6 56.01 ± 0.83 168.9 ± 2.2 0.892 ± 0.016 97.20 ± 1.04 165.7 ± 0.3 0.594 ± 0.006 8.6 20.3
NGC 1300 (R′)SB(s,bl,nrl)b 33.4 ± 0.0 106.1 ± 0.0 44.17 ± 0.33 98.4 ± 0.4 0.526 ± 0.005 80.71 ± 1.87 99.7 ± 1.3 0.223 ± 0.005 18.0 21.5
NGC 1302 (RL,RL)SAB(rl,bl)0+ 15.7 ± 0.8 11.6 ± 14.2 16.77 ± 0.19 15.9 ± 3.7 0.833 ± 0.020 27.15 ± 0.36 172.2 ± 1.4 0.664 ± 0.009 20.0 20.0
NGC 1326 (R1)SABa(r,bl,nr)0+ 37.2 ± 1.3 80.4 ± 3.1 19.16 ± 0.11 55.6 ± 2.0 0.858 ± 0.009 28.66 ± 1.67 16.9 ± 0.9 0.583 ± 0.034 17.0 20.0
NGC 1350 (R)SABa(r,bl)0/a 58.2 ± 0.7 4.7 ± 1.8 32.83 ± 0.03 9.0 ± 0.5 0.577 ± 0.017 57.41 ± 0.84 36.3 ± 0.2 0.422 ± 0.006 20.9 20.5
NGC 1398 (R′R)SB(rs,bl)a 42.2 ± 0.3 93.4 ± 0.7 22.02 ± 0.03 90.2 ± 1.5 0.886 ± 0.009 36.91 ± 0.00 10.2 ± 0.0 —c 21.0 19.5
NGC 1440 (L)SB(rs,bl)00 39.5 ± 0.2 23.1 ± 1.4 12.60 ± 0.02 41.8 ± 0.3 0.778 ± 0.010 20.80 ± 0.80 52.1 ± 2.0 0.540 ± 0.208 18.2 17.1
NGC 1452 (RL)SB(rs,bl)0/a 53.3 ± 0.0 113.7 ± 0.0 14.70 ± 0.04 114.4 ± 1.6 0.898 ± 0.025 27.58 ± 0.13 32.5 ± 0.5 0.523 ± 0.003 22.8 20.5
NGC 1512 (RL)SB(r,bl,nr)a 42.7 ± 1.1 74.5 ± 1.9 38.60 ± 0.62 51.6 ± 0.7 0.654 ± 0.015 71.38 ± 1.07 42.2 ± 1.1 0.343 ± 0.005 12.3 21.0
NGC 1533 (RL)SB(bl)0o 15.6 ± 1.7 127.0 ± 12.8 14.71 ± 0.32 138.0 ± 8.9 0.906 ± 0.020 26.85 ± 0.03 167.5 ± 0.5 0.631 ± 0.001 18.4 19.8
NGC 1640 (R′)SBa(r,bl)ab 24.1 ± 0.0 42.8 ± 6.9 14.21 ± 0.11 38.5 ± 1.0 0.739 ± 0.012 25.48 ± 2.40 44.0 ± 1.3 0.375 ± 0.035 19.1 20.3
NGC 2273 (R)SAB(rs,bl,nb)a 53.4 ± 0.2 62.0 ± 1.4 10.90 ± 0.32 74.9 ± 1.9 0.821 ± 0.069 16.10 ± 0.70 115.5 ± 2.0 0.590 ± 0.026 28.4 17.1
NGC 2293 SABa(bl)0/a 0.0 ± 0.2 0.0 ± 1.4 18.30 ± 1.32 108.2 ± 2.6 0.804 ± 0.063 25.30 ± 0.10 134.4 ± 2.0 0.450 ± 0.002 32.0 17.4
NGC 2543∗ SAB(s,bl)b 59.9 ± 1.5 40.6 ± 7.1 10.12 ± 0.06 30.3 ± 1.9 0.658 ± 0.029 14.88 ± 1.93 105.5 ± 9.0 0.457 ± 0.059 33.6 20.4
NGC 2787 (L)SBa(r,bl)0o 56.2 ± 0.7 108.5 ± 0.8 21.29 ± 0.02 108.2 ± 0.9 0.611 ± 0.012 29.81 ± 0.91 166.3 ± 4.3 0.646 ± 0.020 10.2 19.5
NGC 2859∗,e (R)SABa(rl,bl,nl,nb)0+ 37.2 ± 1.6 81.8 ± 1.4 20.65 ± 0.05 150.0 ± 55.9 0.948 ± 0.008 34.40 ± 0.21 169.6 ± 1.1 0.625 ± 0.004 27.3 20.6
NGC 2968∗ (L)SB(s,bl)0+ 43.1 ± 0.7 67.6 ± 1.0 19.32 ± 0.62 69.7 ± 6.6 0.839 ± 0.030 34.69 ± 0.32 38.6 ± 0.7 0.552 ± 0.005 13.9 20.6
NGC 2983 (L)SBa(s,bl)0+ 53.6 ± 0.2 90.0 ± 1.4 11.90 ± 0.29 87.4 ± 2.5 0.871 ± 0.031 19.30 ± 0.05 41.0 ± 2.0 0.540 ± 0.001 27.4 17.4
NGC 3185∗,d (RL)SABax(rs,bl)0/a 49.5 ± 0.9 136.3 ± 1.2 17.46 ± 0.05 135.3 ± 0.7 0.563 ± 0.011 32.42 ± 1.46 106.6 ± 2.5 0.389 ± 0.018 24.7 20.9
NGC 3266∗ (RL)SB(bl)0o 25.6 ± 6.6 91.9 ± 17.7 6.94 ± 0.02 96.0 ± 0.4 0.805 ± 0.017 11.17 ± 0.80 7.0 ± 3.4 0.737 ± 0.053 28.0 20.0
NGC 3351∗,d (R′)SB(r,bl,nr)a 45.0 ± 0.5 8.4 ± 1.1 26.33 ± 0.19 8.7 ± 1.6 0.838 ± 0.010 51.43 ± 1.07 112.8 ± 0.2 0.541 ± 0.011 10.1 20.1
NGC 3368∗ (RL)SAB(rs,bl,nl)0+ 48.7 ± 0.9 172.6 ± 2.2 35.08 ± 0.29 163.3 ± 1.3 0.700 ± 0.028 55.57 ± 3.59 110.6 ± 8.1 0.574 ± 0.037 10.9 19.6
NGC 3380∗ (RL)SAB(rs,bl)0/a 20.8 ± 7.0 47.4 ± 27.2 7.84 ± 0.12 30.0 ± 8.7 0.937 ± 0.018 17.99 ± 0.85 18.9 ± 0.4 0.420 ± 0.020 24.3 20.2
NGC 3384∗ (L)SAB(bl)0− 60.8 ± 0.2 61.8 ± 0.6 13.42 ± 0.07 42.9 ± 0.3 0.689 ± 0.033 22.46 ± 0.00 131.3 ± 0.0 —c 11.6 18.5
NGC 3489∗ (R)SAB(r,bl)0o: 60.1 ± 0.2 69.1 ± 0.1 12.97 ± 0.03 74.0 ± 0.6 0.510 ± 0.006 11.69 ± 2.08 14.0 ± 2.7 0.709 ± 0.126 9.6 18.6
NGC 3637∗ (RL)SBa(rl,bl)0o+ 27.0 ± 0.9 138.1 ± 4.0 9.82 ± 0.10 138.4 ± 2.7 0.836 ± 0.027 15.70 ± 0.46 38.1 ± 1.2 0.667 ± 0.019 28.2 19.7
NGC 3892 (RL)SAB(rl,bl)0o+ 16.5 ± 4.0 99.7 ± 16.2 13.35 ± 0.09 132.2 ± 3.4 0.878 ± 0.011 38.86 ± 2.45 95.3 ± 0.3 0.531 ± 0.033 27.2 20.0
NGC 3941∗ (R)SBa(bl)0o 50.8 ± 0.2 8.5 ± 0.3 17.87 ± 0.18 1.9 ± 0.7 0.567 ± 0.007 24.18 ± 1.53 171.9 ± 1.5 0.548 ± 0.035 14.2 19.0
NGC 3945∗ (R)SBa(rl,nl,bl)0+ 47.9 ± 0.2 148.0 ± 1.4 23.30 ± 0.11 148.9 ± 1.4 0.924 ± 0.014 35.70 ± 1.20 72.1 ± 2.0 0.700 ± 0.024 22.5 17.8
NGC 3953∗ SB(r,bl)b 58.4 ± 0.1 14.0 ± 0.4 16.91 ± 0.05 16.3 ± 0.6 0.658 ± 0.005 30.11 ± 1.39 47.6 ± 0.1 0.466 ± 0.022 18.4 19.5
NGC 3992∗,e SB(rs,bl,nb)ab 55.1 ± 1.8 70.1 ± 3.4 29.78 ± 0.41 73.0 ± 1.5 0.561 ± 0.020 55.65 ± 0.82 35.1 ± 1.7 0.383 ± 0.006 24.9 20.5
NGC 4143∗,e (L,R′L)SABa(s,nb,bl)0− 43.8 ± 0.2 148.7 ± 1.4 10.50 ± 0.43 152.0 ± 2.3 0.714 ± 0.036 19.10 ± 0.70 155.5 ± 2.0 0.580 ± 0.021 17.0 16.0
NGC 4245∗,d (RL)SB(r,bl,nrl)0+ 33.3 ± 0.9 0.2 ± 2.5 21.86 ± 0.13 145.0 ± 0.5 0.678 ± 0.008 36.33 ± 0.59 130.9 ± 4.9 0.485 ± 0.008 9.7 20.5
NGC 4262∗ (L)SBa(l,bl)0−o 24.5 ± 1.6 158.1 ± 4.3 8.85 ± 0.06 143.4 ± 1.8 0.741 ± 0.033 13.40 ± 0.14 26.5 ± 3.4 0.695 ± 0.007 20.5 19.2
NGC 4314∗,d (R′1)SB(rl,bl,nr)a 20.4 ± 0.0 51.6 ± 4.3 35.10 ± 0.39 145.6 ± 0.5 0.642 ± 0.008 72.58 ± 2.33 146.8 ± 0.0 0.360 ± 0.012 9.7 20.7
NGC 4340∗,e SBa(r,nr,nb,bl)0+ 27.1 ± 0.2 98.1 ± 1.4 23.40 ± 1.29 107.8 ± 0.3 0.621 ± 0.039 37.90 ± 0.20 37.6 ± 2.0 0.600 ± 0.003 16.8 18.2
NGC 4371∗ (L)SBa(r,bl,nr)0o+ 59.0 ± 0.8 88.1 ± 0.5 25.30 ± 0.08 88.1 ± 0.4 0.714 ± 0.010 36.59 ± 1.40 168.1 ± 6.2 0.746 ± 0.028 16.8 20.4
NGC 4394∗,d (RL)SB(rs,bl,nl)0/a 30.4 ± 0.0 109.8 ± 3.7 20.09 ± 0.31 140.4 ± 0.4 0.729 ± 0.014 41.41 ± 2.15 143.4 ± 0.6 0.427 ± 0.022 16.8 20.5
NGC 4448∗ (R)SB(r,bl)0/a 71.2 ± 0.4 92.0 ± 0.2 10.23 ± 0.06 93.7 ± 0.6 0.691 ± 0.021 13.77 ± 0.00 172.0 ± 0.0 —c 26.5 18.9
NGC 4454∗ (RL)SAB(r,bl)0/a 17.6 ± 4.2 25.9 ± 25.2 12.43 ± 0.09 42.3 ± 6.4 0.941 ± 0.011 22.08 ± 1.26 18.3 ± 2.6 0.487 ± 0.021 35.7 20.6
NGC 4548∗ SB(rs,bl)ab 39.0 ± 0.3 149.2 ± 0.6 27.28 ± 0.14 116.1 ± 5.0 0.868 ± 0.013 59.73 ± 0.88 61.6 ± 0.1 0.477 ± 0.007 16.2 20.6
NGC 4579∗ (RL,R′)SB(rs,bl)a 41.6 ± 0.3 92.1 ± 0.8 25.38 ± 0.16 72.1 ± 1.7 0.703 ± 0.011 40.73 ± 0.75 53.6 ± 2.8 0.520 ± 0.010 19.6 19.5
NGC 4593 (R′)SB(rs,bl,AGN)a 33.4 ± 1.2 104.4 ± 4.0 23.03 ± 0.22 71.6 ± 0.2 0.734 ± 0.011 49.32 ± 1.59 54.4 ± 1.5 0.398 ± 0.013 33.9 20.6
NGC 4596∗ (L)SB(rs,bl)0/a 35.5 ± 1.8 119.2 ± 3.0 25.07 ± 0.30 89.8 ± 1.2 0.902 ± 0.014 53.64 ± 0.04 74.6 ± 0.3 0.474 ± 0.000 16.8 20.4
NGC 4608∗ SB(r,bl)0+ 30.2 ± 0.2 103.4 ± 1.4 22.20 ± 1.30 49.2 ± 6.3 0.884 ± 0.068 43.80 ± 0.00 25.8 ± 2.0 0.490 ± 0.000 16.8 18.3
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Table 1: continued.
Galaxy Classification idisk PAdisk rbl PAbl (b/a)bl rbar PAbar (b/a)bar Distancea Surface brightnessb
(deg) (deg) (arcsec) (deg) (deg) (arcsec) (deg) (Mpc) (mag arcsec−2)
NGC 4639∗ (R′)SAB(rs,bl)ab 49.2 ± 0.0 134.5 ± 0.0 13.88 ± 0.05 133.8 ± 1.3 0.630 ± 0.024 25.56 ± 0.16 173.0 ± 2.0 0.444 ± 0.003 22.4 20.1
NGC 4643∗ (L)SB(rs,bl,nl)0o+ 36.8 ± 0.8 57.2 ± 2.5 21.68 ± 0.30 109.4 ± 7.6 0.948 ± 0.014 49.91 ± 1.18 133.3 ± 0.5 0.531 ± 0.013 25.7 20.1
NGC 4659∗ (RL)SAB(l,bl)0o 43.5 ± 1.1 173.5 ± 1.4 6.48 ± 0.04 29.0 ± 0.5 0.642 ± 0.025 8.43 ± 0.52 89.4 ± 8.2 0.834 ± 0.051 7.8 19.4
NGC 4754∗ (L)SBa(bl)0−o 59.7 ± 0.4 22.4 ± 0.6 19.27 ± 0.03 14.8 ± 1.0 0.712 ± 0.010 26.58 ± 1.75 141.4 ± 8.9 0.772 ± 0.051 17.3 19.7
NGC 4795∗ (R′)SABa(l,bl)a pec 43.7 ± 0.8 114.8 ± 1.8 9.12 ± 0.05 135.1 ± 0.3 0.669 ± 0.035 13.63 ± 1.89 29.7 ± 2.2 0.704 ± 0.098 40.4 19.8
NGC 4902 SB(rs,bl)ab 21.5 ± 4.6 101.4 ± 11.9 12.49 ± 0.27 83.5 ± 1.2 0.782 ± 0.023 23.94 ± 1.16 64.4 ± 2.0 0.415 ± 0.020 39.2 19.8
NGC 4984 (R′R)SABa(l,bl,nl)0/a 53.9 ± 0.4 24.6 ± 1.9 19.57 ± 0.05 21.2 ± 2.3 0.766 ± 0.013 30.04 ± 0.74 94.1 ± 0.9 0.702 ± 0.017 21.3 20.0
NGC 5026 (L)SB(rs,nl,bl)a 54.5 ± 0.2 60.4 ± 1.4 19.10 ± 0.23 37.6 ± 0.8 0.737 ± 0.016 22.20 ± 1.30 170.5 ± 2.0 0.620 ± 0.036 46.3 17.5
NGC 5101 (R1R′2)SB(rs,bl)0/a 22.0 ± 3.7 124.9 ± 47.8 27.12 ± 0.11 124.7 ± 0.8 0.791 ± 0.007 50.12 ± 0.80 122.5 ± 0.3 0.471 ± 0.008 27.4 20.2
NGC 5134 (R)SAB(rs,bl)a 14.7 ± 5.0 79.0 ± 34.0 22.16 ± 0.19 150.9 ± 0.2 0.672 ± 0.012 45.42 ± 0.52 153.3 ± 0.7 0.385 ± 0.004 10.9 20.3
NGC 5337∗ SB(rs,bl)0/a 62.2 ± 0.8 21.9 ± 0.6 5.20 ± 0.04 35.9 ± 0.3 0.529 ± 0.006 9.12 ± 0.33 34.0 ± 1.1 0.353 ± 0.013 52.2 19.4
NGC 5339∗ SAB(rs,bl)ab 38.8 ± 1.7 47.9 ± 4.8 13.30 ± 0.05 73.4 ± 0.7 0.758 ± 0.005 22.19 ± 0.72 86.3 ± 2.2 0.294 ± 0.010 38.8 21.0
NGC 5347∗ SB(rs,bl)a 22.8 ± 8.6 89.4 ± 35.7 13.86 ± 0.44 106.2 ± 1.7 0.741 ± 0.033 31.21 ± 0.45 97.4 ± 1.7 0.411 ± 0.006 27.3 21.0
NGC 5375∗ (R′)SBa(rs,bl)ab 29.8 ± 4.4 159.3 ± 15.9 17.04 ± 0.31 171.0 ± 0.4 0.617 ± 0.013 27.23 ± 0.05 171.1 ± 1.6 0.421 ± 0.001 41.9 20.9
NGC 5701∗ (R′1)SAB(rl,bl)0/a 15.2 ± 3.8 50.2 ± 25.1 20.29 ± 0.16 2.1 ± 0.4 0.925 ± 0.009 39.04 ± 0.37 174.9 ± 1.2 0.580 ± 0.006 26.1 20.6
NGC 5728 (R1)SB(r′l,bl,nr,nb)0/a 43.0 ± 2.3 6.7 ± 5.7 23.33 ± 0.04 16.3 ± 1.0 0.661 ± 0.004 57.61 ± 0.38 34.3 ± 0.4 0.301 ± 0.002 30.6 20.5
NGC 5750∗ (RL)SAB(r′l,rs,bl)0/a 60.2 ± 0.6 62.9 ± 2.1 13.16 ± 0.08 52.2 ± 0.8 0.642 ± 0.014 21.82 ± 0.35 109.9 ± 1.1 0.596 ± 0.010 33.6 20.0
NGC 5770∗ SAB(rl,bl)0+ 22.4 ± 2.0 38.4 ± 10.4 10.90 ± 0.10 79.7 ± 1.3 0.970 ± 0.011 22.63 ± 0.33 113.2 ± 1.5 0.566 ± 0.008 22.4 20.5
NGC 5850∗,e (R′)SB(r,bl,nr,nb)ab 36.0 ± 0.9 169.4 ± 2.7 37.04 ± 0.35 121.3 ± 0.5 0.655 ± 0.011 62.71 ± 0.02 113.7 ± 1.5 0.379 ± 0.000 23.1 21.5
NGC 5957∗ (R′)SAB(rs,bl)ab 25.4 ± 4.8 2.8 ± 15.7 12.86 ± 0.05 93.1 ± 1.3 0.841 ± 0.011 23.02 ± 0.98 93.9 ± 1.0 0.457 ± 0.019 27.6 20.9
NGC 6014∗,d SAB(rs,bl)0/a 35.3 ± 1.2 150.6 ± 3.4 9.86 ± 0.09 6.9 ± 0.5 0.519 ± 0.024 11.71 ± 0.46 30.2 ± 0.2 0.699 ± 0.027 36.6 20.3
NGC 6782 (R)SAB(rl,nr′,nb,bl)0+ 22.0 ± 0.2 20.0 ± 1.4 14.20 ± 0.39 6.1 ± 0.9 0.803 ± 0.029 25.10 ± 0.50 178.9 ± 2.0 0.480 ± 0.010 52.6 17.8
NGC 7079 (L)SABa(s,bl)0
o: 51.3 ± 2.9 75.5 ± 3.4 9.27 ± 0.06 119.7 ± 1.5 0.764 ± 0.026 17.21 ± 0.76 46.7 ± 3.5 0.626 ± 0.028 31.8 19.5
NGC 7421 (R′L)SB(rs,bl)ab 27.9 ± 3.5 64.6 ± 19.1 8.99 ± 0.12 97.7 ± 1.9 0.779 ± 0.017 21.84 ± 0.06 89.6 ± 1.7 0.344 ± 0.001 23.0 20.5
NGC 7552 (R′1)SB(rs,bl,nr)a 15.8 ± 1.3 38.5 ± 16.2 23.13 ± 0.25 96.7 ± 0.2 0.648 ± 0.010 52.25 ± 0.89 89.8 ± 6.2 0.374 ± 0.006 17.1 19.7
Notes. The morphological classifications are taken from Buta et al. (2015) and Laurikainen et al. (2011). The disks and bars parameters are taken from the corresponding source, Laurikainen et al.
(2011) or Salo et al. (2015) or Herrera-Endoqui et al. (2015) (see text). (∗) Galaxy in our color subsample, i.e., with available SDSS imaging in u, g, r, i, and z bands in Knapen et al. (2014). (a) The
distances are taken from the respective survey data (see text). These are redshift independent distances from NED when available and obtained assuming H0 = 71 km s−1 Mpc−1 otherwise. (b) Surface
brightness of the isophote used to measure the barlens properties. (c) The value of (b/a)bar is not given in the literature because no clear ellipticity maximum was found for this bar. (d) Galaxy with a
star forming nuclear ring observed in the (g-r) color profile (see Appendix B). (e) Galaxy with a nuclear bar observed in the color profiles (see Appendix B).
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